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INTRODUCTION

Grasslands play a very important role in crop
production in Finland. In recent years 53—55 %
of arable land, i.e. 1.4 million hectares, has been
occupied by grassland (Awow. 1962—65). Most
of this atea, or about 1.15 million hectares, was
harvested for hay or silage, while pastures made
up some 230 000—240 000 ha and seed fields
30 000—37 000 ha. '

The yields obtained from leys in this country
are on an average rather low and the extensive
grasslands constitute one of the weak points in
Finnish crop production. The low yields of leys
are due mainly to their inadequate content of
legumes. Since red clover, being the most valua-
ble protein source for livestock, is the most im-
portant fodder legume cultivated in this country,
the poor yields obtained from leys are a conse-
quence of many factors hindering the successful
growth of clover as well as poor management
practices on leys (e.g. PAATELA 1953 a, b).

Because of the large total yield and high pro-
tein content of red clover, as well as its beneficial
effect on soil fertility, leys containing only red
clover would be better than mixed leys with
grasses. However, owing to the uncertain pet-
sistence of this crop, pute clover leys ate not
cultivated — not even for seed production. Most
of the leys in Finland are mixtures of different
herbage plants, with the dominant plant being
either red clover, timothy or sometimes weeds,
depending on the conditions. If red clover grows
well, the leys are dominated by this plant in the
first and second years, and sometimes even in
the third year, before other plants take over.

As the leys become older, their yields dectease,
which is due chiefly to the rapid decline in clover
beginning in the second year. Poor persistence
in the stand is the biggest drawback of red
clover.

The growth and persistence of clover, as of
other crops, is dependent on many factors such
as soil, availability of nutrients, weather condi-
tions, characteristics of the species, cultivation
practices, plant diseases and pests.

Under the conditions prevailing in Finland,
survival over the winter is often particularly dif-
ficult. The long summer day has an unfavourable
effect on the winter hardiness of clover (e.g.
PomjakarLIo et al. 1960). In addition, clover is
commonly subject to the adverse effects of surface
watet, ice scorch, frost heaving and sometimes ex-
cessively low air temperatures (YLimAxz 1962 b).
Clover tot, Sclerotinia trifoliorum Erikss., may
in some winters be very destructive to clover
(PomjakALLIO 1939, YriMAKI 1956).

In connexion with studies carried out at the
Department of Plant Pathology on clover rot
and its control, the author repeatedly observed
another disease occurring in clover. This disease
caused the disappearance of clover in leys whete
clover rot was not destructive nor were there
any unfavourable abiotic factors present, and the
growing conditions appeared to be suitable in all
respects. Examination of diseased clover plants
in such fields showed that their roots were de-
cayed and contained micro-organisms, chiefly
certain fungal species which occurred repeatedly.
As more root samples were being studied, it

7



became obvious that this was a disease simi-
lar to the so-called »root rot» of ley legumes
reported in Canada and the U.S.A. (e.g. Young
1923, FerGus and VaALrLeau 1926, KirpATRICK
et al. 1954 a). The disease was given the Finnish
name wapilan juurilaho» by the author in a
preliminary report (YriMAxr 1962 a).

The present work deals with investigations

carried out in order to determine the prevalence
and destructiveness of root rot in Finnish grass-
lands, the symptoms and effects of the disease,
as well as the kinds of micro-organisms isolated
from diseased clover roots. In addition, patho-
genicity tests were carried out with the fungi
discovered and studies were made on the condit-
ions favouring infection of clover plants.

MATERIAL AND METHODS

Origin of material

The studies on diseases of red clover roots
and the determinations of the micro-organisms
found in diseased roots have been carried out in
the years 1960—65.

The material studied was obtained partly on
collecting trips throughout the country and
partly from growers on request. In 1962 a cit-
cular was sent to all the agricultural societies in
Finland, requesting their help in collecting sam-
ples of clover roots. Samples taken at random
from leys of all ages were requested, each sample
to be accompanied by a reply form giving, in
addition to the origin, information on age and
size of ley, type of soil, variety of clover,
persistence, and the most common causes of
destruction. The major part of the material
investigated in the present study was also ob-

Analysis

The roots to be analysed were first washed
under running watet, after which their health
condition was judged both on the surface and
internally on a longitudinal section, as shown in
Fig. 1.

For the isolations of micro-organisms, pieces
of roots were disinfected by immersing them for
about 2 minutes in a 0.3 9%, solution of oxykinol-
insulphate and alcohol (3 g oxykinolinsulphate
in 200 ml distilled water - 800 ml 96 %, ethyl
alcohol). Small bits of these disinfected root
pleces were then taken from the margin of dis-
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tained in 1962 and 1963 as samples collected
by agricultural advisers. Of the samples, 80 %
were from first- and second-year leys and only
4 % from leys older than three years. The leys
were mostly 1.1—5 hectares in size, although
smaller leys, 0.5—1.0 ha, comprised 37 %,. Finn-
ish red clovers made up 82 9, of the clover in
the leys, many of them (38 9/) were local strains.
As regards soil type, 90 9, of the samples were
taken from mineral soils and only 10 % from
organic soils.

The material comprised a total of 429 red
clover samples containing 8 838 roots which
were received from 188 communes, as indicated
in the adjoining list whete they are arranged
according to agricultural societies (cf. Table 1,
Fig. 2).

of material

eased and healthy tissue and placed on nutrient
medium in Petri dishes. Isclations were made
from many different parts of both the tap root
and the secondary roots. The preliminary deter-
minations of the fungi wete made on the Petri
dish cultures by means of a stereomicroscope.
For the final identifications as well as for the
pathogenicity tests, single-spore cultures were
made either by hand or with a micromani-
pulator (Zeiss). In some cases hyphal tip trans-
fers werte made from 3—4 day old Petri dish
colonies.



Agricultural societies, communes and number of samples

1. UUDENMAAN LAANI

Askola 1, Lapinjirvi 3, Lohja mlk. 1, Mintsila 1, Nummi 4, Orimattila 2, Pusula 1, Ruotsinpyhtdd 3,
Tuusula 4, VIRE 2 . o oo e ettt et et e 22
2. NYLANDS SVENSKA

Borgdi—Potvoo 1, Helsinge—Helsingin mlk. 90, Ingi—Inkoo 2,- Karis—Katjaa 2, Pojo—Pohja 1,

samples

Sjunded—Siuntio 1, Tenala—Tenhola T ....ooiiriiiiiiiiii e 98
3. VARSINAIS-SUOMI
Kiikala 1, Loimaa 2, Mietoinen 3, Muutla 1, Mynidmiki 1, Paimio 1, Pertteli 1, Suomusjirvi2 ....... 12

4. FINSKA HUSHALLNINGS

Dragsjird 1, Hitis—Hiittinen 1, Houtskir—Houtskari 1, Jomala 1, Kimito—Kemis 2, Korpo—Korp-

poo 2, Nagu—Nauvo 2, Pargas lk.—Paraisten mlk. 3, Vestanfjard 1 ... ... oivviiiiiinenn 14
5. SATAKUNTA ‘

Ahlainen 1, Bura 1, Eurajoki 2, Hinnerjoki 1, Honkilahti 1, Ikaalinen 2, Kankaanpii 2, Kihnid 2, Koke-

miki 6, Lappi T.1. 2, Luvia 1, Merikarvia 1, Mouhijirvi 2, Noormarkku 1, Parkano 1, Pomarkku 1, Sii-
Kaifen 1, VAMPUIZ 2« e v veetuninee et ae e e et s e a s 30
6. HAME-SATAKUNTA

Erijirvi 1, Kuorevesi 1, Kuru 1, Lingelmiki 1, Pohjaslahti 1, Pilkine 4, Ruovesi 1, Vesilahti 1, Vilp-

PUIA 2 <ot tee et e e e e 13
7. HAMEEN LAANI

Hattula 7, Hausjirvi 1, Humppila 1, Janakkala 7, Jokioinen 1, Kalvola 2, Koijirvi 1, Loppi 1, Somero 2,

Tammela 2, VANAJA 1 . evvn e enernn e s aean s sn s e s et 26
8. ITA-HAME
Joutsa 1, Jamsi 2, Karkold 1, Padasjoki 1 ...ooooviviiieiinineeennenesneee e 5

9, KYMENLAAKSO

Anjala 3, Elimaki 2, Kymi 2, Kuusankoski 1, Miehikkild 4, Pyhtid 1, Valkeala 1, Vehkalahti 1, Viro-
JAhti 3, SIPPOIA T 4 evean et vtunan ae e e e e ee s 19
10, LANSI-KARJALA

Tmatra 2, Joutseno 1, Lappee 1, Lemi 1, Luumiki 1, Nuijamaa 1, Ruokolahti 1, Saari 1, Taipalsaari 1 10
11, MIKKELIN LAANI

Enonkoski 3, Haukivuori 1, Heindvesi 2, Juva 1, Mikkelin mlk. 12, Pieksimaki 1, Ristiina 3, Sulkava 1 24
12. KUOPIO

Hankasalmi 1, Tisalmi mlk. 1, Kuopio mlk. 2, Lapinlahti 1, Maaninka 4, Rautavaara 3, Sonkajirvi 3,
Tuusniemi 2, Tervo 2, VIELEME 2 1. vuvuneenneuvnnarearn et 21
13, POHJOIS-KARJALA

Kesilahti 2, Kitee 1, Kontiolahti 1, Liperi 1, Nurmes 2, Riikkyli 3, Tohmajirvi 4, Valtimo 1, Juuka 1 16
14, KESKI-SUOMI

Kannonkoski 1, Korpilahti 2, Laukaa 17, Pihtipudas 3, Saarijirvi 2, Suolahti 1, Toivakka 1, Viitasaari1 28
15. ETELA-POHJANMAA

Alajirvi 1, Alavus 1, Evijirvi 1, Isokyrd 1, Karijoki 1, Laihia 1, Lappajirvi 1, Nurmo 1, Toysd 1, Yli-
BAME 1, YHSIATO 4+ ettt evtnae e e et v e s st 14
16. OSTERBOTTENS SVENSKA

Esse—Ahtiva 1, Katleby—Kaatlela 1, Korsniis 1, Kronoby—Kruunupyy 2, Lappfjard—Lapviirtti 1,
Larsmo—Luoto 1, Malax—Maalahti 1, Munsala 1, Nedervetil—Alaveteli 1, Nykatleby lk.—Uuden-
kaarlepyyn mlk. 1, Nérpes—Narpi6 2, Pedersore—DPietarsaaren mlk. 1, Purmo 1, Pértom—Pirttikyld 1,
Terjarv—Teerijirvi 1, Oja 1, Overmark—Ylimarkku 1 . ....oiieiieriiiniiiirraeeneees 19
17. KESKI-POHJANMAA

Halsua 2, Kalajoki 3, Kannus 3, Kaustinen 3, Reisjarvi 1, Toholampi 2, Ullava 2, Veteli 2, Ylivieska 1 19
18, OULUN LAANI

Alavieska 2, Nivala 1, Oulu 1, Pyhéjoki 2, Rantsila 2, Revonlahti 4, Ylikiiminki 1 ..............0o0e 13,

19. KAJAANI

Kajaani mlk. 1, Paltamo 1, Sotkamo 2, Suomussalmi 1, Vaala 4, Vuolijoki2 .........cooovieeenenn. 11

20. PERAPOHJOLA

Kemi mlk. 1, Rovaniemi mlk. 5, Simo 1, Tervola 4, Ylitornio 1 .....cooveiieiiin i 12

21. LAPPI

Pelkosenniemi 1, Savukoski 1, ULSJokI 1 «.ovvrin et 63
429

2 7059—67

com-
munes

10

18

11

10

10

11

17
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The fungi were cultured at a temperature of
18—20°C the adjacent windows providing an
illumination of 1500—2 000 lux. The nutrient
medium was mainly oatmeal agar (50 g oatmeal,
14 g agar, 5 ml glycerin, 1 000 ml distilled water;
bacterial contamination was prevented by adding
lactic acid, in the first phase the pH was 4.5,
later 5.5). Particularly in culturing  Fusarium
fungi, potato-dextrose agar was also used for
comparison (200 g potato, 20 g dextrose, 30 g
agar, 1 000 ml distilled water).

The microscopic identification of the fungi was
performed on preparations made from the oat-
meal agar cultures. In many cases the slide cul-
ture method was also employed. At least 20
conidia, usually 50, were measured on each of
the isolates. Species of Fusarium were determined
according to the system of Gorpon (1952, 1960).
The C)lindrocarpon fungi were identified accord-
ing to WoLLENWEBER (1928). In the other cases,
AmswortH (1961) and Moore (1959) were
followed in the classification of the fungi and
their terminology. The colour of the fungi was
determined on the basis of the colour tables of
Rircway (1912), and Kornerur and WANSHER
(1961).

Fig. 1. Analysis of red clover roots, A = surface; 1 —

completely brown, 2 = upper half brown, 3 = numerous

lesions, 4 = few, mild lesions; B = internally, 5 = com-

pletely decayed, 6 = almost completely decayed, 7 =

slightly decayed, 8 = upper part hollow, 9 = upper part
brown, 10 = lower part decayed. §

Kuva 1. Junrien analysointi A pinnalta: 1 = kokonaan ruskea,

2 = puoleksi ruskea, 3 = useita syipymia, 4 = lievisti syipy-

nyt; B sisisti: 5 = kokonaan labonnut, 6 = enin osa lahonnut,

7 = vibin labonnut, 8 = yliosa ontto, 9 = yldosa ruskea,
10 = alaosa labonnut.



Experimental methods

Pathogenicity tests of the fungi were conducted
in the greenhouse.

Several different inoculation methods were ini-
tially tested, of which the most suitable and relia-
ble was found to be the following modification
of the procedure of HarriN et al. (1952).

The containers employed were ordinary
drinking glasses with an upper diameter of 65
—70 mm and a height of 85 mm, or in some
trials 110 mm. The growth medium was sand,
which was sieved and sterilised at 180—200°C
in a drying oven, and subsequently saturated
with a 0.3 9, Hiltner nutrient solution (2.25 g
KCl, 2.10 g KH,PO,, 2 g CaSO,, 9.60 g NH,
NO,, 1.80 g MgSO,, 100 ml aq. dest.); in some
trials sterilised distilled water alone was used.

Using a cork borer, discs were taken from 10-
to 14-days old fungal cultures growing on oat
agar in the Petri dishes, and equal numbers of
them were placed on the sand in each glass and
covered with a thin layer of sand. In each trial,
consisting of 3 or 4 replicates, all the cultures
were of the same age. Germinated clover seeds,
cither 10 or 50 in numbert, were put on the sut-
face of the sand. The clover seed had previously
been disinfected for 2 minutes in a 0.1 9, subli-
mate solution, rinsed in sterilised water and al-
lowed to germinate on filter paper. The glasses
were tightly covered with transparent plastic film.
The test period was 21 days, after which the seed-
lings were analysed. Isolations were made from

diseased seedlings in order to ascertain the cause
of infection and its severity. T'wo or more parallel
tests were usually perfomed on each of the
fungal isolates.

Tests were furthermore catried out with older

“clover plants (2—10 months old), which were

grown in steam-sterilised soil in plastic_pots.
Inoculations of the plants with fungi growing
on oat agar were made by transferring fungal-agar
discs or a mycelial-conidial suspension in distilled
water to the base of the plant, or in other cases,
by placing mycelia in or near a cut made in the
root of the plant with a sterile scalpel.

The greenhouse was illuminated for 7—9
hours a day, depending on the time of year, by
mercury vapour lamps, which provided 2 100—
2500 lux.

The clover seedlings and plants in these tests
were analysed in the same way as the previously
mentioned root samples. On the basis of these
analyses, the health condition of the roots was
estimated on a scale of 5—0 (5 = healthy, 0 =
completely decayed). The significance of the dif-
ference in pathogenicity between the isolates was
determined either by the X2 test or by analysis
of variance (Mupra 1958, StEEL and TORRIE
1960). In connection with the descriptions of
fungi, the degree of pathogenicity is defined
as follows: high (100—75 9, dead and diseased
seedlings), above average (75—50 %), below
average (50—25 %), weak (25—0 %).

ROOT ROT OF CLOVER

-~ : Historical notes

The destruction of ley legumes as a result of
damage to their roots has long been recognized.
Reports of such diseases have been known in
Europe since at least 1669 and in America since
1747 (FErGus and VALLEAU 1926).

In the early and middle parts of the last century,
Rhizoctonia violaceae (DC.) Tul., syn. R. ¢rocorum
(Pers.) DC. was found to destroy the roots of
alfalfa in both France and Germany (DE CaN-

poLrE 1815, FuckeL 1861).. Later, the disease
caused by this fungus was known to be injurious
to alfalfa roots in Italy, Austria, Sweden and
Denmark, and to the roots of clovers in at least
Denmark and Germany (Rostrur 1902, Erixs-
soN 1926).

McCarrum (1907) was the first to refer to
Fusarinm fungi as causing rotting in the roots of
alfalfa in Arizona. About the same time Selby

11



and Manss determined the species in Ohio as
Fusarium roseum Lk. (SELBY 1910). In Russia Jac-
zEWSKI (1916) found a species of Fausarium which
injured clover roots and which he named Fusa-
rium frifolii Jacz. In most subsequent investiga-
tions, different species of Fusarium have generally
been found to be dominant in samples of root rot
(see p. 26).

In North America, first in the United States
and later in Canada, extensive and thorough in-
vestigations have been made on root rot of ley
legumes. In addition to Rhizectonia and Fusarium,
many other fungi have been discovered in dis-
eased roots (see pp. 18—37). Most of the early
authors in the U.S.A. (e.g. SeLY 1910, YounG

1923, PrerERs and HoLLowELL 1924, FERGUS and -

VaLLEAU 1926) realised the importance of root
rot. Youne (1923) considered the disease to be
more frequent and widespread in Ohio than
clover rot (Sclerotinia trifoliorum). The disease
has later been found to be injurious in nu-
merous regions in the U.S.A. and Canada.
WEeIMER (1928) mentions receiving information
about root rot of alfalfa in almost every state
in the U.S.A. where this crop is grown; he
isolated a very pathogenic Fusarium fungus
from nearly every sample he had collected.
Cormack (1937 a, b) demonstrated that species
of Fusarium and Cylindrocarpon were harmful to
alfalfa and sweet clover in Alberta. CHERE-
wick (1941) found that Rbigoctonia solani was
the cause of root rot over an extensive area in
Minnesota, U.S.A. and Manitoba, Canada. The
same fungus was observed by BenepIcT (1954)
to be the reason for considerable economic losses
to clovers in Ontario. McDoNALD (1955) detet-
mined that in Manitoba root rot was caused by
a combination of several fungi, which together
caused such a steady decline in alfalfa after the
second year that it became a serious problem for
the growers.

Krerrrow and Hanson (1950) state that the
cultivation of red clover in Pennsylvania and
other states in the U.S.A. has become dif-
ficult as a consequence of the poor persistence of
this crop resulting from root rot. Smrta (1950)
found in Wisconsin that 60 %, of the plants that
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survived their first summer failed to survive their
first winter, and that a large proportion of those
remaining died during the following summer.
Krrrarrick and Hanson (1950) estimated losses
of 39—52 9, in first-year stands in Wisconsin.
Errror (1952) mentions that although red
clover is actually a perennial plant, it cannot
be grown in West Virginia for more than two
years, owing to damage caused by root rot.
According to Krerrrow et al. (1953), root rot
can be regarded as one of the chief factors lim-
iting legume production. KirpATRICK et al.
(1954 a) as well as Furton and Hanson (1960)
state that rotting of roots is common already in
the first year, but it becomes so serious in the
second year that in damp regions of the U.S.A.
only few stands remain productive for over two
years. Recent investigations have shown that root
rot occurs every year in red clover in Prince Ed-
ward Island, Canada, and in that region it is the
most harmful disease of clover (WirLis 1965).

As far as is known, no extensive studies have
as yet been carried out in Europe on root rot of
clover and its causal agents. The reports in the
literature appearing in recent decades on rotting
diseases of roots in ley legumes have been few
in number and mostly generalised. In England,
Ware (1923), Moorke (1943), and Sampson and
WEesTERN (1954) consider the principal agent to
be Rhigoctonia crocornm, whereas vatious species
of Fusarium are held to be chiefly responsible
for the disease by Erixsson (1926) in Sweden,
GraM and TuomsEN (1927) in Denmark, NEeu-
WEILER (1928) in Switzerland, Tomson (1934) in
Estoria, WoLLENWEBER and REINKING (1935) in
Germany, TvERskorI et al. (1950), KOROBEINI-
xovA (1956 a), ViNrmsgava (1963) and SNEjDER
(1965) in the U.S.S.R., and YrimAxr (1962 a,
1966) in Finland.

Tverskor et al. (1950) mention that in 1947
over 80 9, of the stands were destroyed in the
region of Moscow as a consequence of Fusa-
rigm infection. In 1949, 85 9, of the plants in
northern, damp regions were killed, while the
losses in southern, drier ateas were only 18 9.
KoroBeINIROVA (1956 a) found that Fusarium
was one of the causes of the destruction of



clover in the Utrals, where the amount of infected
roots in 1950 in first-year stands was 22.5 %, and
in second-year stands 36 %, VinNrrsxava (1963)
observed that in the regions of Moscow, Rostov
and Altai 64 9, of the plants, or even more, were
infected with Fusarium.

All of the above authors, as well as many
others, consider fungi ot in certain cases also
bacteria (e.g. SAMpsoN and WESTERN 1954, p. 62),
to be the primary initiators of clover root rot,
even though most of the micro-organisms are
known to be chiefly parasites of weakened
plants. Certain investigators believe that the
micro-organisms encountered in the diseased
roots are only secondary phytopathogens and
are very weakly parasitic or even saprophytic
(Wemmer 1930, Fercus 1931, Feene 1947,
ZacHos and Panagorouros 1960).

Persistence of clover

According to data and samples received in
1962 and 1963 the persistence of clover in the
stands from where the samples were taken was
as follows: good (at least 3 years) 28 %, satis-
factory (2 yeats) 50 9% and poor (1 year) 22 %
of the cases.

On the basis of these data it is evident that the
clover persisted quite well since 78 9%, of the
farms reported at least satisfactory results. The
most common causes of decline in clover re-
ported by the growers were as follows:

A disease called »Internal breakdown» is a
common disease of clover in the U.S.A. It begins
to appear in plants about 3 months old as an
internal discolouration of the crown, resembling
in this respect the symptoms of root rot (GRAHAM
and NEwToN 1959, GRaHAM et al. 1960). Accord-
ing to present knowledge, this disease, whose
cause is unknown, is nevertheless a non-parasitic
condition. It appeats to be related in some way
to the growth of the plant, since a positive corre-
lation has been noted between the appearance of
the disease and the thickness of the tap root.
Environmental factors, such as fertilisation of
the soil, apparently do not have a direct effect
on the initiation of this condition (LEFFEL and
GrauaM 1966).

in the leys studied

Excessive wetness 1.5 9, of the replies

Insufficient fertilization ...... 2 » » »
Acidicsoil ..... .. .ol 13 » » »
Late cutting or grazing ...... 4 » » »
Poor winter survival (frost, soil

heaving, ice scotch) ....... 58.5 » » »
Plant diseases or pests ....... 21 » » »

These replies indicate that over half of the grow-
ers attributed the destruction of clover to winter
injuries caused by unfavourable weather condi-
tions.

Health condition of clover roots and prevalence of root rot

Obsetrvations made on leys over a number of
years suggested that root rot was a prevalent
disease of red clover. The material collected in the
present study confirmed these observations (Table
1). Of the nearly 9 000 clover roots examined,
an average of only 10.8 9% were completely
healthy. Since the samples were derived from
various parts of the country (Fig. 2), covering
188 communes (34.3 9, of all the communes),
the material can be considered to be relatively

representative of leys throughout the whole
country. It also reveals that root rot occurs in
all parts of Finland. Since nearly 80 %, of the
root samples came from first- or second-year
stands (p. 8), this fact helps to explain the rapid
disappearance of clover from grasslands in this
country. According to the material investigated,
clover roots in northern Finland are healthier
than those in central and southern Finland
(Tables 1 and 2).
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Table 1. Red clover root samples, accotding to agricultural societies
Tanlukko 1. Puna-apilan junrindytteet maanviljelysseuroittain

Communes — Kuntia Number of | - Roots — juuret
Agticultural soci : I
ir{‘j:”;:;;;:;:ty txt::’al from which s;\lg’zs tz?l heaIt.h-y dis-eas-cd
- samples Jukunr. - terveitd Jairasia
Fht. Joista niytteitd Tt % %
1. Uudenmaan lddni ........................ 26 10 22 546 4.8 95.2
2. Nylandssvenska ......................... 22 7 98 436 |— 16.1 83.9
3. Varsinais-Suomi ......................... 60 8 12 174 17.8 82.2
4. Finska Hushallnings. .................... 26 9 14 544 11.8 88.2
5. 8atakunta ........ ... . . e 47 18 30 798 6.3 93.7
6. Hime-Satakunta ........................ 24 9 13 297 16.2 83.8
7. Himeen lddni ........................... 26 11 26 533 5.3 94.7
8. Itd-Hiame ........ ... iiiiinnnnnn... 18 4 5 95 5.3 94.7
9. Kymenlaakso ................coovnnn... 15 10 19 539 3.5 96.5
10. Lansi-Katjala ..............0oeiinen.. .. 18 9 10 373 3.5 96.5
South Finland — Efteli-Swomi .............. 282 95 249 4335 8.2 91.8
11, Mikkelin ld8ni . .............ccovunn... .. 26 8 24 461 8.7 91.3
12, Kuopio «.vvvvvivi i 31 10 21 534 4.7 95.3
13. Pohjois-Katjala . ..............cc0oee.... 21 9 16 419 11.5 88.5
14, Keski-Suomi ...........cooveevinan.. 28 8 28 476 24.4 75.6
Central Finland — Keski-Suomi ... .......... 106 35 89 1899 12.1 87.5
- 15. Eteli-Pohjanmaa ........................ 29 11 14 462 10.8 89.2
16. Osterbottens svenska .................... 36 17 19 487 8.4 91.6
17, Keski-Pohjanmaa ........................ 16 9 19 613 11.4 88.6
Ostrobothnia — Pobjanmaa ................ 81 37 52 1562 10.3 89.7
18. Oulun M8ni ............. ... ... ... 41 7 13 368 21.s 78.5
19, Kajaani .........coiiiinnin ... 11 6 11 297 6.4 93.6
20. Perd-Pohjola ............covvuiunnn.. .. 16 5 12 301 28.6 71.4
B 3 o 8 3 3 85 35.3 64.7
Notth Finland — Pobjois-Suomi ............ 76 21 39. 1051 20.4 79.6
Entire countty — Koko maa 545 ' 188 429 8 838 10.8 89.2
Table 2. Analysis results of clover roots from samples taken in 1962—63
Roots — Junret Percentages of discased roots —
. Primary roots —
% ;é Sutface — Pinta Internally —
Region E 3 P ,
P Fs total | healthy £ x| o - ” T« -
6 3 no. terreitd | sairaita g 3 B 3 _5 il H § = 5 B3 .‘i =
as|E¥| g3 < 55, 3
% | % |EE|EI[EE|8 SRR IER
South Finland — Eteld-Suomi . .. .. 135 | 3933 7.6 | 92.4 | 16.3| 7.0 | 58.7| 0.5 | 82.4| 1.2 | 7.8| 11.6
Central Finland — Keski-Suomi . . .. 63 | 1555 7.5 | 92.5 | 20.0| 6.7 | 68.0| 0.6 | 95.3| 0.8 |11.1] 14.2
Ostrobothnia — Pobjanmaa . .. .. .. 52 | 1562| 10.3 | 89.7 | 16.8] 6.8 | 67.7] 0.2 | 91.5| 0.4 9.4| 15.6
North Finland — Pobjois-Suomi . . . . 32 996| 21.3 | 78.7 | 18.6| 8.3 | 57.7| 0.4 | 85.1| 1.1 [10.8] 25.9
Entire country — Koko maa| 282 | 8046| 9.8 | 90.2 | 17.4| 7.0 | 62.1| 0.5 | 87.0] 1.0 | 9.1 14.4
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Characteristics of the root rot disease of clover
were studied by examining both external and
internal features of the roots collected in 1962—
1963 on the basis of the system given in Table 2
(cf. also Fig. 1). Only 9.8 9, of these samples,
comprising the bulk of the material studied, were
found to be entirely healthy. Externally discol-
oured roots were most often internally damaged
as well. In some cases seemingly healthy roots
were internally discolouted. The limited amount
of damage to secondary roots in the matetial
examined was due to the fact that the secondary
roots were often broken off when the plants were
lifted, despite the careful performance of the

lifting operation. The external injuries on both
the primary and secondary roots consisted mainly
of lesions (cf. Fig. 1). The internal discolouration
and decay occurred most often, in nearly 60 %
of the cases, in the crown of the plant (Table 2,
Fig. 1), where the disease apparently usually
originated. Holes made by insect pests were
rarely encountered and the pests themselves even
more rarely.

Fig. 2. Origin of red clover root samples according to
agricultural societies. The black dots indicate the com-
munes from which samples were taken.

Kuva 2. Apilan junrindytteet maanviljelyssenroittain. Kunnat,
Joista on saatu junrindytteitd, merkitty mustalla pyorylalla.
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20.4]| 32.71 1.3 | 74.9| 4,7 | 3.2| 0.8 | 2.1-| 25.6] 0.2 | 28.8 | 0.0 | O. 3.5 0.0 0.o] 0.0 3.8
19.2| 41.3| 1.6 | 88.2| 29| 1.6 | 0.5 | 1.9 29.3| 0.1 | 31.8 | 0.0 | 0.1 | 5.7 0.0 0.0 0.0} 5.8
16.8 | 44.0| 1.1 | 87.21 5.6 | 3.1 | 0.9 4.6 | 22.6| 0.1 | 28.3| 0.0 0.5 5.1 0.0 | 0.0 0.0 | 5.4
15.41 28.4 2.4 | 84.2| 2.8 | 1.8 | 0.1 | 3.8 | 12.2| 0.5 | 16.7| 0.0 | 0.5 2.7 | 0.0} 0.0} 0.0 3.2
18.9| 36.1| 1.4 | 80.9| 4.3 2.7 0.7 | 2.8 24.3] 0.2 | 280 | 0.0} 0.3| 42| 0.0 0.0 0.0 4.5
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Symptoms of root rot

The primary root of red clover develops into
a tap root which branches profusely, especially
in its upper part, and penetrates already in the
first year deep into the soil. Consequently, red
clover is tolerant to drought. At the same time
the rest of the root system grows rapidly and
extensively in soil which is fertile, adequately
drained and well-aereated. In healthy plants
the roots are sound and light-coloured both
externally and internally during their entire
lifetime (FERGUS and Horrowerr 1960).

The term »roof roz» as used in the present study
denotes the disease complex which injures and
destroys the roots of clover and other legumes
beginning already at the seedling stage. The de-
cline in mature stands usually takes place pro-
gressively, starting from the first growing season
(cf. HawnN and Cormack 1952, KiLpATRICK et
al. 1954 a, McDonNaLDp 1955).

When infection occurs at the seedling stage,
the micro-organisms kill the plant either imme-
diately before it emerges to the soil surface or
just after emergence. These forms of the disease
ate called »pre-emergence killing» and »post-emer-
gence damping off» (Hanson and KrerrLow 1953).
Rempnants of seedlings which were killed before

. emergence are extremely difficult to find in the
soil, while plants injured or killed by post-
emergence damping off are usually easy to dis-
cover and identify. The hypocotyl of such plants
is brown or nearly black above and below the
level of the soil surface, and is usually heavily
constricted. Very frequently only a dark stump
is all that remains of the primary root (Fig. 18).
The leaves are chlorotic and twisted. Observa-
tions made by the present author in drill-sown
clover stands directly after emergence showed that
it is often possible to find many seed remnants
killed before emergence as well as seedlings de-
stroyed by post-emergence damping off. In con-
trast, such dead plants are very difficult to dis-
cover in broadcast-sown stands, particularly
when a nurse crop has been used.

When root rot attacks older stands of clover,
it may result in various kinds of symptoms, de-
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pending on the causal agent of the disease, the
kind of host plant and the environmental condi-
tions. It may appear as a general rotting of the
whole root system or may be localized in certain
patts of it. The disease most frequently occurs
in the primary and secondary roots located 5—7
cm below the crown. In mild cases, and often in
the early stages of infection, the symptoms may
be limited to lesions and discolouration of only
the cortical region (Fig. 1, A), but as infection
progresses the internal vascular cylinder is dam-
aged and finally destroyed (Fig. 1, B). Infection
of the cortex and vascular core may take place
simultaneously, or in some roots mainly the
vascular region may be discoloured while in
others the rotting is only in the cortex. The
injured tissue is brown, reddish brown or black-
ish brown, depending on the type of micro-
organism causing the disease. Bacteria cause
discolouration of the root immediately below
the cortical region, but in other respects the
symptoms are similar to those produced by fungi
(Wrirson and Merron 1962).

The primary root of a diseased clover plant
usually shows initial discolouration in varying
degrees of its upper part (Fig. 1, B), later the
discolouration spreads along the vascular tissues
both upward and downward into all parts of the
root (Fig. 26). The discolouration is accompa-
nied by a progressive rotting of the tissues which
leads to a hollowing of the root and ultimately
to its total destruction (Fig. 3). As the tap root
becomes destroyed, new and profuse secondary
roots rapidly grow in its upper patt in order to
replace the functions of the decaying tap root
Fig. 29). However, often they do not carry on
the uptake and transport of water and minerals
for very long before being destroyed by fungi
and bacteria.

Occasionally the tap root may be completely
healthy, while most of the secondary roots are
destroyed. According to HarDIsON (1952), decay
of the secondary roots is the most characteristic
symptom of root rot. His observations showed
that decay stopped at the base of the youngest
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Fig. 3. Cross sections of decayed red clover tap roots at
different levels.

Kuva 3. Poikkileikkanksia lahonneen puna-apilan pédjuuren
eri kobdista.

secondary roots and only rarely extended into
the older branch roots or the tap root. When the
infection is extremely severe, all the secondary
roots may be killed.

The destruction of particularly the smallest
secondary roots as a result of root rot is very
difficult to determine, since they are readily
broken off when the plant is lifted from the
ground. This aspect was studied on a second-
year ley by lifting clover plants according to the
method of SALONEN (1949, p. 14). By employing
this method of lifting and rinsing, the root sys-
tem remained almost undamaged and spread out,
so that observations could be made on the extent
and symptoms of the disease in all the secondary
roots. It subsequently became apparent that the
secondary roots had suffered much greater dam-
age than revealed by e.g. the previously de-
scribed material (Table 2).

As the micro-organisms clog the vascular
tissues and ultimately destroy them, the growth
and metabolism of the plant are seriously dis-

turbed. As a result, there is a retardation in
growth, the stems remain shorter than normal
and their leaves are small and greyish or yellow-
ish green in colour. When metabolism is finally
completely suppressed, the edges of the leaflets
become curled and the whole plant withers.
Consequently, as one stem after the other dies,
the vegetative production of the plant slowly
declines. Especially in dry and warm periods,
such plants succumb completely.

In general, root rot destroys clover plants
relatively slowly. In mature plants discolouration
of the roots appears at the earliest about 18—20
days after infection. Lesions in the root cortex,
however, do not appear until about 11, months
later. The rapidity of infection depends to a
great extent on the pathogen and its mode of
infection (see p. 22). According to observations
of the author on the field, it is not uncommon
that a clover plant infected with root rot may
live for even a year. Another characteristic of
the disease is that it increases progressively as
the stand ages. The most striking damage caused
by root rot is usually not seen until in the
second year, even though the disease appears
also in first-year stands as is evident from the

analysis results of the root samples obtained in
1962—63:

Age of ley
1 year 2 years 3—ycars total
Roots ........ 3479 3122 1445 8 046
Healthy 9% .. ... 15:3 6.5 1.4 9.8

Although root rot of clover occurs at all times
of the year, the damage is usually greatest in the
spring directly after the disappearance of snow,
since at the end of the dormant period, the clover
plants are in a weakened state and highly sus-
ceptible to attack by pathogens. At this juncture
it is difficult visually to distinguish plants injured
or killed by root rot from those infected with
clover rot (Sclerotinia trifoliorum ). Up to the pre-
sent, root rot injuries have in consequence gen-
erally been considered to be due to clover rot or
abiotic factors.
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Micro-organisms isolated from the roots

A total of 1441 isolates of micro-organisms
were made from the root samples collected
in 1960—63. Most of the isolates were made
from the internal root tissues and only a few
from surface lesions. Bacteria made up 5 % of
the isolates and various fungi 95 9. According
to these studies, there were no noteworthy
differences in the occurrence of the various
fungal species in different parts of the country

(Table 3).

Phycomycetes

According to reports in the literature, the fol-
lowing Phycomycetes fungi have been found in
clover roots as a cause of root rot:

OOMYCETIDAE: Pythium arrbenomanes Drechs., P.
debaryanum Hesse, P. irregulare Buism., P. paroecandrun
Drechs., P. rostratum Butler, P. Splendens Braun, P.
ultimnm Trow (HALPIN et al. 1952), Polymyxa graminis
Lodingh. (Gerpemann 1955), ZYGOMYCETIDAE:
Mucor spp., Rhizopus nigricans Ehrenb., Absidia sp. (KiL-
PATRICK et al. 1954 a, KiLraTrICK and Dunn 1961).

Table 3. Micro-organism isolates, according to region
Tanlukko 3. Pienelisisolaattien Inkumdiirin alueellinen Jakaantuminen

Number of isolates and percentage of total
Isolaattien lukum. osuus koko mddristi %
Micro-organism Eantire country
Pinelis Koko maa Fend | Pt | e | femh
total E-Suwomi K-Suomi Pobjanmaa P-Suomi
no.
bt % % % % %
Phycomycetes
Mucorales .. ... ... .. .. . .. . ... . ... .. .. 50 3.5 4.0 3.6 3.6 0.6
Peronosporales . ... ....... ... ... ... . ..., 52 3.6 3.5 3.6 . 0.9 1.6
Ascomysetes. . ... 41 2.8 2.3 2.6 5.9 1.7
Basidiomyeetes ... ... .. .. . ... .. . ... ... . .. 9 0.6 0.8 0.9 0.6
Fungi imperfecti
Sphaeropsidales .. ... .. ... .. . ... ... ... 83 5.8 4.3 4.6 7.7 11.6
Melanchoniales .. .. .. ... ... .. .. .. ... .. ... 1 0.1 0.1 0 0 0
Moniliales
Mondliaceae . ... ... .. .. ... ... ....... .. 57 3.9 4.2 3.9 4.1 2.9
Dematiaceae . .......... ... ... ... ... ... 18 1.2 1.5 1.0 0.9 1.2
Tuberculariaceae
Fusarium poae ........................ 21 1.5 1.5 2.0 1.4 0.¢
» arthrosporioides .. ... .. ... .... 144 10. 9.4 8.9 14.4 8.7
» avenacenm .................. 144 10.0 10.5 12.5 6.8 7.6
» acuminatum ... .............. 162 11.2 11.2 14.8 7.2 10.5
» clmorum ... o 0L 10 0.7 0.9 1.0 0 0
».  graminmeartm ................ 9 0.6 0.4 0.7 0.9 1.2
» sambucinum .. ..., ........... 19 1.3 1.7 1.3 0 1.2
» OXYSPOTuUm ... .. ... 38 2.6 3.9 2.3 0.5 0.6
» » v. redolens.. ... ... 8 0.6 0.3 2.0 0 0
» solani ... ................. 17 1.2 1.2 1.0 0.5 - 2.3
Cylindrocarpon radicicola ............ .. .. 233 16.2 19.4 14.1 ‘14.0 8.7
» ehrenbergi ... ... . ... .. 6 0.4 0.3 0.3 0.5 1.2
» obtusisporum .. .......... 3 0.2 0.1 0.7 0 0
Mpycelia sterilia
Rhizoctonia solani ...................... 99 6.9 5.0 6.6 9.5 12.2
» engophytica . ................ 59 4.1 4.4 3.3 6.8 0.6
» CYOCOTHUME ... ... e 51 3.5 2.6 3.0 6.3 5.2
Bacteria ........ ... . ... . . .. . ... .. ... .. ... 73 5.1 3.9 4.9 5.9 9.3
Others, unidentified — Munt, mdidrittamatiomat 34 2.4 2.6 1.3 1.8 4.1
Total — Yhteensd| 1441 — — — — —
Average — Keskimaidrin — — 51.6 211 15.4 11.9
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In the preseat study only two of the above
species were isolated from the roots of red clover:
Pythinm debaryanum and Rhbigopus nigricans.

Pythium debaryanum Hesse 1874

The fungus occurs both as a parasite of higher plants
and as 2 soil saprophyte in all parts of the world
(MippreTon 1943). In many kinds of plants it causes
damping off and root rot disease. BucuroLz and MERE-
prrx (1938) demonstrated the pathogenicity of this and
other Pythium species to alfalfa. The susceptibility of red
clover to the fungus was shown by e.g. KiupaTrICK and
Hanson (1950) ‘and Haremn et al. (1952). In Finland
Pythiunm debaryanum has been found to be a common
causal agent of damping off as well as a rather serious
pathogen of vegetables and ornamentals (LINNASALMI
1952). Liro (1924) reported that the fungus destroyed
clover seedlings. ’

In culture, the mycelium was hyaline, branched
and septate; the hyphae had a diameter of 3—5 p,
oogonia 18.6—26.3 u, antheridia ovoid 5.4—38.7
X 6.4—13.8 u, sporangia spherical or often elon-
gated 18—25 y in diameter.

In clover plants the fungus caused pronounced
and typical damping off, which was both pre- and
post-emergence. It proved to be one of the most
pathogenic fungi to red clover seedlings, as was
also demonstrated experimentally by e.g. TVER-
skor et al. (1950) and KirpaTrick et al. (1954 b).
The species was found in 3.7 % of all the isolates.

Rhizopus nigricans Ehrenberg 1818

The fungus is known throughout the world as a com-
mon soil saprophyte (FischHEr 1892). It has been found
in different parts of many kinds of plants, among others,
in the roots, as well as in many different kinds of plant
products. KiLpATRICK et al. (1954 a) isolated the fungus
from the roots of red clover and Krrearrick and DunN
(1961) from white clover roots, demonstrating at the
same time its pathogenicity to these plants. In Finland
Mukura (1957) showed the fungus to be one of the
causes of decay in stored carrots.

The fungus grew rapidly in culture, forming
a white, glossy mycelium. The rhizoids wete pro-
fusely branched and later became dark in colour.
The sporangiophores were unbranched, 1—2 mm
long. The sporangia were initially light brown,
later dark brown, with a diameter of 100—225 u.

The spores, whick were polymorphous, spherical,
elongated, or irregularly shaped, had streaks and
a diameter of 8.5—13 X 7—38 pu.

R. nigricans made up 3.4 %, of the total number
of all isolates. It was weakly pathogenic.

Ascomyeeies

According to the literature, the following
Ascomycetes fungi have previously been isolated
from roots of clover species infected by root rot:

Thielavia sp., Gibberella geae (Mont.) Petch, Chaetomium
sp. (KiLraTRICK et.al. 1954a).

In connection with the present investigation,
the following species were found in roots of
clover:

Chaetominm atrenm Chivers 1912

The geﬁus Chaetomium comprises a great number of
species, and like most of them, 'C. aurewm occurs as a
saprophyte on a wide variety of substrata, but especially
on seeds and in the soil (GrLman 1959, Sxorko and
Groves 1953).

On oat agar C. aurenm produced colonies
which were initially pale yellowish, later be-
coming greenish brown or olive green. The
perithecia were globose with an average cross-
sectional diameter of 86 X 116 u, mostly in the
range of 58—112 X 68—146 u, with extreme
values of 46—116 x 50—150 u. They were yel-
lowish when young, turning dark greenish brown
ot olive green when old. The young hairs were
yellowish grey and straight, later becoming pale
olive greenish brown, smooth, slightly curved
at their tips (Fig. 4, A). The ascospores were
at first hyaline, later olive green, asymmetrically
fusiform with dimensions of 4.2—4.7 X 10.2—
11.2 g. This fungus made up 1.2 %, of the iso-
lates and proved to be a weak pathogen to red
clover seedlings.

Chaetominm cochliodes Palliser 1910

The fungus has been found in the soil (GiLman 1959)
as well as in the seeds of numerous plants, including red
clover and alfalfa (Sxorxo and GrovEs 1953).
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Fig. 4. Chaetomium species: A. C. awreum, B. C. cochliodes. a. perithecia, b. ascospores.
Kuva 4. Chaetominm-lajit: A. C. aurenm, B. C. cochliodes. a. kotelopulla, b. koteloitiiitd.

The colonies in culture were initially pale yel-
lowish green soon turning dark green or brown.
The perithecia had an average diameter of 263 x
339 u, most of them in the range 200—340 u
and with extreme values of 160—450 x 250
550 u. The lower part of the hairs was straight,
the upper part sharply bent and spirally curved
(Fig. 4, B). The ascospores were olive green,
broad, with nodules at both ends, and with di-
mensions of 6.5—7.4 x 8.4—10.2 u. This spe-
cies was found in 0.5 9%, of the isolates made
from the roots. It was moderately pathogenic to
clover seedlings.

Sclerotinia trifoliornm Eriksson 1880

The fungus is known as a destructive agent of clover
rot in all places where this crop is grown. Besides clover,
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it parasitizes many other legumes (ParE 1937). In Fin-
land the species occurs from the south of the country
to Lapland (Ponjakariio 1939). Clover rot causes
destruction of clover in the autumn and throughout the
entire winter. The disease is especially damaging in areas
with a heavy snow cover (Yrimixr 1962 b). Red and
alsike clovers are more susceptible than white clover and
alfalfa.

. trifoliorum comprised 1.1 9, of the fungal
isolates investigated. When cultured on agar, it
formed a characteristic cottony mycelium and
sclerotia, from which arose apothecia with a
diameter of 3—10 mm. These contained a large
number of asci, 10—15 x 170—190 W in size,
each of which had eight ovoid, hyaline ascospores
with dimensions of 5—8 x 14—17 u. The fun-
gus was highly pathogenic to red clover seed-
lings.



Basidiomycetes

According to the literature, the following
Basidiomycetes fungi have been found in roots
of clover:

Helicobasidium purpurenm Pat. (sce Rhizoctonia crocorum
p. 37). Pellicularia filamentosa Pat.) Rogers (see Rbizoctonia

solani p. 37), and an unidentified low temperature basi-
diomycete (LTB) fungus (Broaproor 1936).

In the present work 10 root samples of red
clover were found to contain the following fun-
gus belonging to the family Agaricacea.

Marasmium graminum (Lib.) Fries 1874

The large genus Marasminm is cosmopolitan and some
of its many species are very harmful pathogens to tropical
crops, such as tea, cocoa, sugar cane, banana, rubber and

A

a

Fig. 5. Mycelia of Marasmins graminum, A

14 days old, B = 60 days old; a

palm (Winter 1884). In Europe the genus is known
chiefly by its species found as saprophytes in the branches,
leaves and needles of coniferous and deciduous trees, in
forest litter, and in the stems, leaves and roots of grasses
(Bucn 1952, Moser 1955). Perhaps the most well known
species of this genus is M. oreades (Bolt. ex Fr.) Fr., which
causes »fairy rings» on fields and lawns in both Europe
and America (e.g. Sampson and WesTErRN 1954). The
fungus, originally named .Agaricus graminum by Libert
in 1837, is now known by the name Marasmins graminum,
assigned by Fries (1874). Its synonyms are M. graminum
Berk. (Berxerey 1860) and M. graminum (Lib.) Berk.
(Mricura 1912), as well as Androsacens graminum (Lib.)
Pat., which was used by Karsten (1889) in Finland.
M. graminum has been encountered in the roots of
many crops (PuiLier 1959, Vicorov 1961), and in infec-
tion experiments it has been found to attack numerous
additional plants; for example, a fungus isolated from
maize was pathogenic to red clover, among others
(Prrriee 1959).

b

cottony isolate 6046-k, b = rhizo-

morphic isolate 62140-8.

Kuva 5. Marasmins graminum -sienen ribmastoa, A 14 vrk:n, B. 60 vrk:n ikdisend, a. pumpulimainen isolaatti 6046-k, b. jin-
teinen isolaatti 62140-8.
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M. graminum produced a white, rather dense
cottony growth mainly on the surface of the cul-
ture medium. The hyphae were septate and either
thin (diam. 1.9—2.3 u) or thicker (2.8—5.1 u).
The fungus produced zoned colonies in which
there were often white rhizomorphs. In some of
the isolates the mycelium was so compactly inter-
grown that the colonies appeared rather rough
(Fig. 5). The hyphal tips growing at the borders
of the colonies were profusely branched. In some
of the older isolates, white or pale yellowish
stromata were produced (Fig. 6). There were
many clamp connections in all the isolates (Fig.
7). Hydrocyanic acid (HCN) was produced in
the mycelium of some isolates (see p. 23). The
stipe of the fruiting body was 2—4 cm long,
about 0.5 mm thick, very hard, smooth and
glossy, dark brown in its lower part, light brown
in the upper part for a distance of about 10 mm.
The leathery cap (pileus) of the fruiting body was
initially club-shaped and reddish brown, while
later it was 4—9 mm in diameter and light brown
in colour, especially at the edges. The central
portion of the young cap was usually slightly
elevated (i.e. umbonate) and darker than the sur-
rounding portion, later it became somewhat de-
pressed, remaining, however, dark brown. The
dichotomous lamellae, usually 13 in number, ex-
tended to the stipe in the form of a collar. On

Fig. 6. Stroma-like formations in the mycelium of

Marasmius graminum.

Kuva 6. Stromamaisia muodostumia  Marasmins  graminum
-sienen ribmastossa.

the upper surface of the cap there were furrows
at the sites of the lamellae with convex elevations
in between. The basidiospores were oviform,
hyaline, with dimensions of 3.6 x 5.4 (2.8—5.6
X 3.7—7.0) p.

Judging by the rhizomorphs, there appeared
to be two morphologically distinct types (Fig.
5). As regards the stromata, differences were
likewise noted, just as WarD et al. (1961) had
observed in the mycelium of the low-temperature
basidiomycete (L'TB), which is known, inter alia,
as a cause of root rot of legumes in Canada and
the U.S.A. and which resembles the fungus
investigated in the present study.

The author had the opportunity to compare
the M. graminum isolates with the LTB isolate

Fig. 7. A. Hyphae of Marasmius graminum showing clamp connections, isolate 6046-k, B. isolate LTB 218 (Canada).
1000,

Kuva 7. A. Marasmins graminim -sienen ribmastoa sinkiléineen, isolaatti 6046-k, B. LTRB jsolaatti 218, Kanada.
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No. 218 which was brought from Lethbridge,
Canada by Professor E. A. Jamalainen in 1956.

When grown on both oat agar and PDA cul-
ture mediums, the mycelium of Marasminm gra-
minum grew relatively slowly at temperatures
under 15°C. Its optimum was close to 30° and
the minimum evidently slightly below 0° (Fig.
9). The response of this fungus to temperature
was thus different from that of LTB, which grows
best at comparatively low (6—15°C) temperatures
(BroaprooT 1936, Warp et al. 1961, Fig. 9,
isolate 218).

The acidity of the substrate had no appreciable
effect on the mycelial growth of M. graminum,
at least not in the range pH 3.6—6.5 (Fig. 10),
while the optimum range of the LTB isolate was
more limited. Usually, however, L'TB has a wider
optimum pH range (WARD et al. 1961).

The capacity of the mycelium to produce HCN
was tested qualitatively using sodium carbonate
-1 picric acid on fungus grown in a mixture of
ground soybeans and soil (LEBEAU and Dickson
1953, WarD et al. 1961). The results are given
below:

Species and isolate Colour
(KorNerUP and WANSCHER 1961)

Marasmius graminum 62 140—8 4A8

» » 6221—2 »

» » 6 046—k 1A8—2A8

» » 6 227—6 1A8

» » 62 245—8 »
LTB 218 »
Control, without fungus »

The most rapid and abundant production of
HCN occurted in the rhizomorphic isolates 6 221
—2and 62 140—S8, while it was modetate in 6 046
-k, which had a more delicate mycelium, and ex-
tremely weak, being only barely visible, in-the
isolates 6 227—6, 62 2458 and LTB 218.

Since exact identification of the fungus on the
basis of its mycelium was not possible, several
methods were used to induce the fungus to pro-

duce fruiting bodies. The following method gave

satisfactory results.
Five Marasmins graminum isolates were allowed
to grow for 10 days on oat agar at 28—30°C,

Fig. 8. Fruiting body of Marasmius graminum; a. fruiting
bodies 3 X, b. underside of a pileus 5 X, c. longitudinal
section.

Kuva 8. Marasmins graminum -sienen itijemd. a. itidemid
3 X, b. lakki alapuolelta 5 X, ¢. pitkittiisleikkans.

after which their mycelia were mixed with auto-
claved soil at about 50 %, water capacity. The
mixture was then stored in closed glass jars for
65 days at a temperature of 4°C. In the spring
(21. 5. 1965) the jars were transferred to the
greenhouse, and on the surface of the soil
were sown red clover seeds which had been
disinfected with 0.1 9, mercuric chloride and
carefully rinsed with distilled water. The jars
were kept closed, but air was allowed to
enter. When necessary, the soil was moistened
with sterilised water. The temperature in the
greenhouse varied from 12° to 33°C. After 38

days, fruiting bodies appeared in two of the jars

(isolates 6 046-k and 62 245—--8) and were found
to belong to the family Agaricacea (Fig. 8). Later,
further fruiting bodies were produced both in the
above two isolates and in 6 227—6, so that a total
of 17 were obtained. Single basidiospore cultures
were made, and the resulting mycelia were used
according to the above-described method to pro-
duce further fruiting bodies, of which a total of
54 were obtained in the early summer of 1966.

23



90
80
70
60
50
40
30

T

20+ <
10F ,/‘

10 C

15°C

70t
60} et

50+ e
40 7 20°C
30 e

20+t e
104 .7

30 C

1 1 L | 1 lf

0 ! ! It { L 1
10 20 30 40 50 60

days

10 20 30 40 50 60

Fig. 9. The effect of temperature on the mycelial growth of Marasmius graminum. Isolates: a = 6046-k, b = 6221-2,
¢ = 6227-6, d = 62140-8, e = 62245-8, f = LTB 218 (Canada).
Kuva 9. Léimpitilan vaikutns Marasmins graminum -sienen ribmaston kasvuun. Isolaatit: a = 6046-k, b = 6221-2, ¢ =
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Fig. 10. The effect of pH of the culture medium on the mycelial growth of Marasmins graminum. Isolates: a = 6046-k,
b = 6221-2, ¢ = 6227-6, d — 62140-8, e = 62245-8, f = LTB 218 (Canada).

Kuva 10. Ravintoalustan happoisunden vaikuius Marasmins graminnm -sienen ribmaston kasviun. Isolaatit: a = 6046-&, b =
6221-2, ¢ = 6227-6, d = 62140-8, ¢ = 62245-8, f = LTB 218 (Kanada).

On the basis of the fruiting bodies, it was
found that the fungus in question belonged to
the genus Marasmium of the family Agaricacea
and was most likely the species M. graminm (Lib.)
. Fr., which comprises a considerable variation of
forms; this diagnosis agrees with that of Bucu
(1952) in his identification of the species. Fur-
thermore, this species is apparently identical with
that described by KarsteN (1889) under the name
Androsacens graminum (Lib.) Pat.,
synonym of M. graminum (Lib.) Fr.

Marasmins graminum was slow-acting but its
pathogenicity to red clover seedlings was above
average. The pathogenicity of the fungus was not
greatly. affected by the temperature, although

which was a

4 7059—867

seedlings growing under warm conditions were
more severely infected than those in cool condi-
tions, as demonstrated below by the results of
a 25-day test carried out with red clover seed-

lings:

Cool conditions  Warm conditions

(2—13°C) (14—35°C)
Fungal isolate 9%, diseased 9%, dead 9% diseased %, dead
6 046—k 100.0 0.0 98.8 1.2
6221—2 100.0 0.0 92,5 7.5
62 140—8 100.0 0.0 90.0 10.0
62245—8 90.0 10.0 81.3 18.7
LTB 218 96.2 3.8 86.3 13.7
Control,
. withoutfungus  13.8 0.0 22,5 0.0
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There was consequently no essential difference
between the Marasmins graminum isolates and
LTB.

Marasmins fungi were isolated from samples
taken’ in the following localities (in parenthesis
is the number of the agricultural society, cf.
Fig. 2): Helsinki (2), Kemié (4), Parkano (5),
Virolahti (9), Saari (10), Sonkajirvi (12), Evi-
jarvi and Laihia (15), and Rovaniemi (20). It
was found that the fungus started to grow
much more slowly than the other fungi studied.
For this reason it is possible that during the
early phases of collection, before this fact was
noticed, some of the M. graminum material was
overlooked. This may have been the case particu-
larly when the same sample contained another
micro-organism which grew more rapidly and
thus prevented the appearance of M. grami-
sum. Later, when isolation of the various organ-
isms was carried out not only at about 20°C but
also at lower (ca. 10—12°C) temperatures, there
were better possibilities for M. graminum to ap-
pear, since under such conditions the growth of
other fungi was likewise retarded.

Fungi imperfecti

In all countries where studies of clover root
rot have been cartied out, most of the micro-
organisms isolated from diseased roots were
fungi belonging to the group Fungi imperfecti.
The following species have been mentioned in
the literature:

SPHAEROPSIDALES. Ascochyta imperfecta Peck,
Phoma trifolii Johns. & Vall. (JounsoN and VALLEAU
1933), Coniothyrium sp., Sphaeropsis sp., Chaetomella sp.,
Phoma sp., Trotteria sp., Zythia sp. (KiLpaTRIC et al.
1954 a), Plenodomus meliloti Dearn. & Sandf. (SANFORD
1933), Pyrenochaeta terrestris (OstazEskr 1957).

MELANCHONIALES: Colletotrichum graminicola (Ces.)
G. W. Wils. (GARREN 1955), C. destructivum O’Gara, C.
wrifolii Bain & Essary, Leptodiscus terrestris Gerdem.
(Harrin and McCarTerR 1961).

MONILIALES. Moniliaceae: Aspergillus flavus
Link, .A. ferreus Thom, Gliocladium rosenm (Link) Thom,
Geotrichum sp., Monilia sp., Penicillium sp., Trichoderma
lignorum (Tode) Harz, Verticillinm sp. (KiLPATRICK et al.
1954 a, Kirratrick and Dun~ 1961), Bofrytis cinerea Pers.
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(McCarteEr and Harein 1962), Cephalosporium spp.
(BaLpwiN 1962), Oedocephalum anthophilum Jacz. (Jac-
2EVSKI 1916), Papularia sp. (WiLvris 1965), Spicaria (FEZER
1961), Verticillium albo-atrum Reinke & Berth. (SacksTon
1960), V. dabliae Kleb. (LEACH et al. 1961).

Dematiaceae: Alternaria tenuis Nees, Curvilaria
trifolii (Kauffm.) Boed., Helminthosporinm sp., Hormoden-
drum sp., Nigrospora sp., Stemphylium sp. (KILPATRICK et
al. 1954 a), Cladosporinm berbarum (Link) Fr., Thielaviopsis
basicola (Berk. & Br.) Ferraris (KirraTRick and DunnN
1961): )

Tuberculariaceae  Fusarium roseum Lk.
(SeLsy 1910), F. trifolii Jacz. (Jaczevskr 1916), F.
oxysporum Schl., F. moniliforme Sheld., F. solani (Mart.)
App. & Wr. (FErGUs and VALLEAU 1926), F. roseum Lk.
emend. Sn. & Hans., F. moniliforme Sheld. emend. Sn.
& Hans., F. oxyspornm Schlecht. emend. Sn. & Hans.,
F. solani (Mart.) App. & Wr. emend. Sn. & Hans.,
Epicoccum sp. (KiueaTrick et al. 1954 a), Fusarium poae
(Pk.y Wy., F. avenaceum (Fr.) Sacc., F. acuminatum (Ell.
& Ev.) Wr., (Gorpon 1959), F. redolens Wr. (WOLLEN-
WEBER and REINKING 1935), F. artbrosporioides Sherb.,
F. culmornm (W. G. Sm.) Sacc. (Yrmmikr 1962 a), F.
bulbigenum Cke & Mass. (MENDE 1954), Cylindrocarpon
sp. (BeNEDICT 1954).

MYCELIA STERILIA. Rbizoctonia solani Kithn
(Krerrvow et al. 1953), R. crocorum (Pers.) D. C. (RosT-
rup 1902), R. violacea D. C. f. trifolii Erikss. (Er1kssoN
1926), R. leguminicola Gough & ZElliot 1956), Sclerotinm
bataticola Taub. (HeExson and VALLeAU 1933), S. roffsii
Sacc. (VALDER 1954), Macrophomina phaseoli (Maubl)
Ashby (Harrix and McCarTER 1961).

In the present study, 82 9, of the isolates made
from red clover roots were found to consist of
tungi of the group Fungi imperfecti, and of these
68.8 %, (or 56.5 %, of all the isolates) were spe-
cies of Fusarium and Cylindrocarpon (Table 3,
Fig. 11). Cylindrocarpon radicicola Wr. was the most
frequently occurring species, followed by Fusa-
rinm acuminatum (Bll. & Ev.) Wr., F. arthrospo-
rioides Sherb., F. avenacenm (Fr.) Sacc. and Rbi-

goctonia spp.

Sphaeropsidales

Phoma medicaginis var. pinodella (L. K. Jones)
Boerema 1965

Fungi of the genus Phoma are widely distributed
throughout the whole world and occur as saprophytes
or parasites in many different plants (e.g. Moore 1959).
Fungi of this genus have been commonly found in clover
and other legumes in North America (HarDison 1952,



KiLpATRICK et al. 1954 a, BaALDwiIN 1962). Many different
opinions have been expre'lssed about the taxonomy of the
Phoma species parasitising legumes. RABENHORST (1862)
gave the name Phoma herbarum £. medicaginum West. to the
species he isolated from the crown of alfalfa. Later the
names P. medicaginis Malbr. & Roum. and Asochyta
imperfecta Peck., among others, have been used. The spe-
cies encountered in red clover has generally been called
by the name Phoma frifolii Johns. & Vall,, originally
applied by Jonnson and VaLreau (1933). In recent times
certain duthors have maintained that since the charac-
teristics used for identifying species of the genus Phoma
vary widely, it would be best to employ the single name
P. herbarum v. medicaginis West. ex Rab. for both these
species (BrLingsoE and KerNkamp 1957). On the other
hand, Bpmunps and Hanson (1960) suggest that both
should be included in the species Ascochyta imperfecta Peck.
However, according to recent studies, there is good jus-
tification for distinguishing between the species para-
sitising alfalfa, P. medicaginis Malbr. & Roum. 1886, and
that parasitising chiefly red clover and pea, P. medicaginis
var. pinodella (L. K. Jones) Boerema 1965 (BoEREMA et al.
1965).

When cultured on nutrient medium, this fun-
gus produced a scanty, greenish grey mycelium
which was partly aerial and partly imbedded in
the medium and which had a diameter of 2.8—
9.3 u. Pycnidia were formed either on or some-
what within the surface of the substrate. “They
were 115—250 y in size, black, mostly globose,
containing an ostiole, and occurring either sin-
gly or in clusters. The pycnidiospotres were re-
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Fig. 11. Relative abundance of different micro-organisms
in the root samples.

Kuva 11. Pienelisiden subteellinen runsaus junriniytteissd.

leased from the mature pycnidia as a pale grey
slimy mass often with a slight reddish tinge.
The conidia were mainly one-celled, hyaline,
ovoid to elongate, with dimensions of 2.8—11.2
% 1.4—3.8 u, and were often biguttulate (Fig 12).

Phoma cultures made up 5.8 %, of the isolates
made from the roots. Their pathogenicity to red
clover seedlings was average (Table 5).
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Fig. 12. Phoma medicaginis var. pinodella. a. pycnidium, b. vegetative hyphae,
c. chlamydospotes, d. conidia.

Kuva 12. Phoma medicaginis var. pinodella. a. kuromapullo, b. sieniribmaja, c. kitkéi-
1i614G, d. kuromaitifita.
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Melanchoniales

Pestalotia truncata Léveillé 1846

This species, belonging to the genus Pestalotia, which
comprises several hundred species, has a very wide host
range and many variations. It has been found in numerous
deciduous trees as well as herbaceous plants, especially in
their roots. The species is close to P. hartigii Tub. (Gusa
1961).

In cultures, the mycelium of P. trancata was
first white, later slightly purplish gfey, with a
diameter- of 4.7—5.1 p. Acervuli, 200—600 #
in size, were initially brown in colour, later
nearly black; they resembled pycnidia. Numer-
ous conidia were produced, they were elliptical,
fusoid, 4-celled, and had dimensions of 5.6—6.5
X 15.8—20.5 u. The two innermost, dark brown
cells had a combined length of 10.5—14 1, while
the two small, hemispherical terminal cells were
hyaline and often gradually disappeared. The
apical cell usually had two 15—30 4 long tufts,
which were often branched (Fig. 13).

The fungus was one of the most pathogenic
to red clover seedlings (Table 5).

Moniliales

Moniliaceae
Botrytis cinerea Persoon 1801

This is a very common fungus throughout the whole
world (Linpay 1907). It occuts as a saprophyte in many
different kinds of plant remains as well as parasitically,
most often, however, in plants which are in a weak con-
dition. The fungus has been considered as the conidial
stage of Sclerotinia (Pegiza) fuckeliana (de Bary) Fuckel
or Botryotinia fuckeliana (de Bary) Whetz. (GrovEs and
LoverLanp 1953). On the other hand, some investi-
gators are of the opinion that B. cinerea should be
considered an independent collective species relatively
close to the genus Sclerotinia (BucuwaLp 1949). McCar-
TER and Harrin (1962) isolated B. cinerea from the roots
of white clover suffering from root rot. In Finland the
fungus has been found to be a saprophyte as well as one
of the causal agents of damping off of certain vegetables
and a cause of the spoiling of stored plant products
(KarsTeEN 1892, Linnasaumr 1952, Mukura 1957).

In culture, the fungus grew rapidly, forming a
dense, initially white but later greyish mycelium,
from which arose sparsely branched, septate
conidiophores having a diameter of 10—18 p.
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Fig. 13. Conidia of Pestalotia truncata.
Kuva 13. Pestalotia truncata -sienen kuromia.

The ovoid conidia had dimensions of 6.5—7.4 X
8.8—12.1 y. Only few sclerotia were produced;
they were black, 2—6 mm in diameter, and irreg-
ularly shaped. B. cinerea was not common in the
samples investigated and its pathogenicity to
red clover seedlings was below average.

In addition to the above species, the following
Moniliaceae fungi were occasionally found in red
clover roots: Gliocladinm rosenm (Link) Thorn,
Trichoderma lignornm (Tode) Harz, Verticillinm
albo-atrum Reinke & Berth., Aspergillus sp. and
Penicillinm sp.

Dematiaceae

Alternaria tennis Neergaard 1945

The fungus occurs in the whole world, commonly as
a saprophyte in different plant parts and in the soil, but
also as a parasite in many diverse plants and plant pro-
ciucts, particularly in seeds (GrovEs and Skorko 1944 b,
NEERGAARD 1945).

The mycelium in culture was greenish grey
and cottony, while the individual hyphae were
brownish or olive green. The conidia were also
olive green, located in long chains, and had both
transverse and longitudinal septae. The size and
shape of the conidia varied greatly, with dimen-
sions of 6—16 X 11—36 u, averaging 10.8 X
19.3 .



Fig. 14. a. Conidia of Alternaria tenuis, b. Stemphylium botryosum.
Kuva 14. a. Alternaria tenuis ja b. Stemphylium botryosun sienien kuromaitivita.

The fungus was not common in red clover
roots and its pathogenicity to red clover seed-
lings was below average (Table 5).

Stemphylinm botryosum Wallr. 1833

This is a cosmopolitan species, occurring in a wide
range of plants and plant patts, especially in seeds, it is
also found in rotting plant remains. It is a facultative

parasite, which may attack healthy plants although it is-

generally found in weakened plants (GROVES and SXOLKO
1944 a, NEERGAARD 1945).

The colonies were very datk in colour; the
mycelium was initially light brown changing
later to dark brown. The conidia, occurring indi-
vidually on the conidiophotes, were dark brown,
globose or usually slightly oblong, with both

transverse and longitudinal septae. Their average -

size was 12.0 X 21.8 u with ranges of 9.3—13.0
X 14.0—30 p. Only a few isolates were obtained
from the clover roots.

Tuberculariaceae
Fusarium poae (Pk.) Wr. 1913

The fungus, originally known to be a parasite of grassy
plants, has subsequently been found parasitising many
other kinds of plants (WOLLENWEBER and REINKING 1935,
GorpoN 1959, Rarro 1950). It has often been isolated
from the crown and roots of alfalfa and clovers. In Fin-
land F. poae has earlier been found in timothy, spring
wheat and in the buds of carnation (JAMALAINEN 1943 b).

5 7059—67

When cultured, the cottony mycelium grew
quite “rapidly; its colour was initially ‘white,
changing rapidly to reddish pink. The ‘stroma
was carmine red, occasionally with a distinct
violet hue. The microconidia were mostly one-
celled, lemon- ot pear-shaped, and arose in the
mycelium. The size of the conidia (5 isolates) in
u was as follows:

5.1 X 9.3 (2.3—6.5 X 6.5—13.0)

O-septate .. ..

1- » 2.7 X 16.8 (2.2—3.0 x 10.2—23.3)
2-. » 3.0 x 21.6 (2.8—3.7 X 15.8—27.9)
3- » 3.3 X 28.9 (3.0—4.0 x 21.0—49.0)

The brown chlamydospotes were intercalary,
occurring individually, in pairs, chains or clus-
ters (Fig. 16). )

F. poae was isolated in 1.5 %, of the root sam-
ples investigated. The pathogenicity of its isola-
tes was below average (Table 5).

Fusarium arthrosporioides Sherbakoff 1915

This species, originally isolated from decayed potatocs,
has subsequently been discoveted in cereals, vegetables
and ornamentals (WorLLENWEBER and REINKING 1935,
RaiLo 1950, Gorpon 1959). Gorpon (1959) isolated
it from the stolons of ladino clover, among others. In
Finland the species has been found in the grains of oats,
barley and rye, the stem of wheat, potato tubers, sugar
beets and spruce saplings (JAMALAINEN 1944) as' well as
in stored carrots (Muxura 1957).
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The dense aerial mycelium of the fungus in
culture was initially white, later pink, often with
a tinge of yellow. The stroma was carmine red
or light brownish red. Conidia were produced
both in the mycelium and pionnotes, and some-
times 'in the sporodochia; their size and shape
varied. widely and they were 0--7 -septate.
The average conidial size (45 isolates) was as
tollows (u):

O-septate .... 3.1 X 10.3 (2.0—4.7 X 6.5—14.0)
1- ¥ 3.2 x 16.1 (1.9—5.7 x 8.0—38.1)
2- » 3.7 X 22,7 (2.0—5.7 x 12.1—40.1)
3. » 3.7 x 31.7 (2.0—5.5 x 10.0—66.0)
4- » 3.7 X 44:5 (2.8—5.1 X 24.2—82.0)
5- » 3.7 X 55.7 (2.0—5.0 x 28.0—82.0)
6- » 3.7 X 63.8 (2.0—5.0 x 44.0—80.0)
7- » 4.0 X 72.7 (3.0—4.7 X 50.0—85.0)

No chlamydospores were produced.

F. arthrosporioides was the third most frequently
isolated .fu_ngus in the root samples, making up
10 9% of all the isolates. Its pathogenicity to red
clover seedlings was average (Table 5).

Fusariim avenacenm (Fr.) Saccardo 1886

) The species is one of the most widely distributed fungi
in the temperate zone, and neatrly 200 species of host
plants have been found. The fungus is a highly virulent
pathogen to many plants and plant products (WoLLEN-
wEBER and REmkiNG 1935, RarLro 1950, Gorpon 1959,
1960). WorLENWEBER and REINKING (1935) and Cor-
MACK (1937 b) were the first to demonstrate that the
fungus was one of the causes of root rot in alfalfa and
sweet clover. Later its role in causing root rot in other
legumes has been shown by several authors. The fungus,
under the name Sarcopodium avenaceum Fr., was found in
oats in Finland already by Karsten (1892). It has later
been isolated from cereals, fodder crops, vegetables, root
crops, fruit and ornamental plants as well as forest nur-
series (JAMALAINEN 1943 b, Orrira 1947, LINNASALMI
1952, HArpH 1953, Mukura 1957).

The fungus produced a rapidly growing, cot-
tony niij‘ceiium which was white or faintly pink;
the stroma ;\Vas carmine red to brownish red. The
conidia ‘Weré borne on the mycelium as well as
in sporodécehia and pionnotes. They were slender,
usually curved, with stalks at their basal ends.
They weré'5 (0—8)-septate. The average conidia
size (Iu) of 64 isolates was:
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O-septate .... 3.0 x 9.1 (1.9—4.0 X 5.6—12.5)
- » 2.9 X 16.5 (1.8—4.2 X 8.4—38.1)
2- » 3.3 X 22.9 (2.3—5.0 X 16.0—28.0)
3- » 3.4 X 36.1 (2.0—4.7 x 20.0—70.0)
4-  » 3.5 X 48,0 (2.8—5.0 X 24.2—74.0)
5-  » 3.5 X 59.7 (2.3—5.0 X 36.0—86.0)
6- » 3.8 X 63.6 (2.8—5.0 X 48.0—90.0)
7- » 4.0 X 77.3 (2.8—5.0 X 60.0—88.0)
8- » 4.0 x 68.0

No chlamydospores were formed.

About 10 9% of the isolates consisted of F.
avenaceun, and its pathogenicity was found to be
above average to clover seedlings (Table 5).

Fusarinm acuminatum (Ell. & Ev.) Wollenweber
1914 ‘

The fungus, which WorrLENwEBER and REINKING
(1935) later gave the name F. scirpi (Lamb. & Fautr.)
var acuminatum (Ell. & Ev.) Wr., is a very cosmopolitan
species occurring in numerous plant species. It causes,
among other things, cereal foot rot, attacks many dif-
ferent plant parts, and destroys fruits and other stored
plant products (WorLENwEeBER and REINKING 1935,
Rariro 1950, Gorpon 1959, 1960). The fungus has also
been found in the roots of ley legumes (p. 26). In Fin-
land, JAMALAINEN (1944) isolated it from cereals, grasses,
potatoes, tomatoes, onions and hawthorne, desctibing it
under the name F. scirpi (Lamb. & Fautr.) var. acuminatum

(Ell. & Ev.) Wr.

The mycelium was white or rose red, some-
times with a tinge of carmine red; the stroma
was brownish carmine red, blood red, sometimes
orange, and occasionally produced brown or
dark blue sclerotia. The conidia, borne in the
mycelium, sporodochia and pionnotes, were
tapering at both ends, strongly curved, resem-
bling a boomerang, the tip usually extending
into a tuft, the base often with a stalk, 5 (0—7)-
septate. The average conidia size (i) of 83 iso-
lates was:

O-septate .... 3.0 x 10.6 (1.9—4.7 X 5.5—15.8)
- » 3.1 x 16.2 (1.9—5.0 x 7.5—32.0)
2-  » 3.5 X 20.9 (2.0—4.7 X 12.0—34.0)
3- 0y 3.5 X 33.6 (2.0—6.0 x 14.9—70.0)
4-  » 3.6 X 46.6 (2.0—5.0 X 26.0—74.0)
5- » 3.6 X 55.2 (2.0—5.0 x 28.0—80.0)
6- » 3.8 X 63.2 (2.8—5.0 x 48.0—82.0)
7- » 3.8 x 71.7 (3.0—5.2 X 62.0—88.0)

The chlamydospores were intercalary, in chains

or clusters (Fig. 16).



Fig. 15. Pathogenicity test with clover seed-
lings; a. healthy, b. injured by Fusarium
avenaceum .

Kuva 15. Patogeenisnuskoe siemeniaimilla; a. ter-
veitd, b. Fusarium avenaceum -sienen vioittamia
pima-apilan tainia.

F. acuminatum was the second most common
fungus in the material investigated (11.2 9%). Its
degree of pathogenicity was similar to that of
F. avenacenm, i.e. above average (Table 5).

Fusarium culmorumy (W. G. Sm.) Saccardo 1895

This is a species found in all parts of the world. It
causes cereal foot rot diseases and decay of fruits and
other plant products (WoLLENwEBER and REINKING
1935, RarLro 1950, Gorpon 1959, 1960). In Finland F.
culmorum has been isolated from oats, barley, wheat, cab-
bage, potato, carnation and clover (JamMaraiNen 1943 a,
Linnasacumr 1952, Hirpu 1953).

The mycelium grew rapidly in culture; it was
initially white, often partly yellowish, turning
rapidly brownish red or carmine red; the stroma
was carmine red, later brownish red. The conidia
were borne in the mycelium, pionnotes and
sporodochia; they were curved, thick-walled,
strongly tapering at both ends, stalked, 5 (1—6)-
septate. Their average size (i) in 7 isolates was

as follows:

1-septate .... 4.5 x 15.2 (3.3—6.0 x 10.0—18.0)
2- » .... 5.6x 21,9 (4.0—6.0 x 15.8—26.0)
3- »  .... 6.6 x32.2 (4.0—8.0 x 18.0—38.0)
4- » ... 6.8 x 35,0 (5.0—8.0 x 28.0—40.0)
5- »  .... 6.3 x 38.1 (4.7—8.0 x 28.3—50.0)
6- » ... 6.6 429 (6.0—7.0 x 36.0—54.0)

The chlamydospores were usually intercalary,
single, in paits, chains or clusters (Fig. 16).

The fungus was not very significant as a
causal agent of clover root rot, since it made
up only 0.7 9, of the material. To red clover

seedlings its pathogenicity was below average
(Table 5).

Fusarium graminearum Schwabe 1838

This fungus is a parasitc of numerous grassy plants,
particularly cereals, invading all their parts, it also attacks
many other kinds of plants throughout the world (Wor-
LENwEBER and Remwking 1935, Ramcro 1950, GorponN
1960). In Finland Karsten (1892) isolated the fungus
from a number of plants naming it F. rosewm Link or
F. heterosporum Nees. The fungus has subsequently been
found in oats, barley, rye, wheat and cucumber (Rainio
1932, JamaLAINEN 1943 a, HArDn 1953).

The mycelium grew very rapidly in culture,
producing a dense, floccose mat which was white
or pink, sometimes with a tinge of yellow or
brown. The stroma was carmine red, often with
a yellowish tint. The conidia were formed in the
mycelium, pionnotes or sporodochia; they varied
considerably in size and shape, 5 (0—06)-septate.
The average conidial size () of four isolates was:

1-septate .... 3.6 x 17
2- » ... 3.6 x 22
3 » ... 41 x 37 (3.7—4.9 x 28—47)
4-  » cov. 4.6 X 44 (3.6—5.2 x 26—56)
5 »  .... 4.8 x 48 (3.9—6.2 x 32—67)
6- » ve s Ol X 56

The chlamydospores were either scarce, inter-
calary, or non-existent (Fig. 16).

The fungus had not previously been known
as a causal agent of root rot, and in the present
material it made up only 0.6 9, of the isolates.
It was highly pathogenic to red clover seedlings
(Table 5).

Fusarinm sambucinum Fuckel 1869

A cosmopolitan species occurring as a weak parasite
or saprophyte in many wild and cultivated plants
(WorLenwEeBER and REmnkING 1935, Ramiro 1950, Gor-
pox 1960). In Finland the fungus has been isolated from
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Fig. 16. Conidia of various Fusarium species: a. F. poae, b. F. arthrosporioides, c. F. avenaceum, . F. acuminatum, e. F.
etlmornm, . F. graminearum, g. F. sambucinam, h. F. oxysporum, i. F. oxcyspornm v. redolens, j. F. solani.

Kuva 16. Fusarium-lajien kuromia.






all kinds of cereals, potato, tulips, clover leaves and
spruce saplings (JAMALAINFN 1943 a, Orria 1947).

The mycelium grew slowly in culture, was
white or pink, the stroma was pink, tan or
pale brownish red, producing occasionally tan
sclerotia. The conidia were borne in the myce-
lium, pionnotes and sporodochia and were 5
(0—8)-septate. The average conidial size (1) of
18 isolates was: ‘

O-septate .... 4.2 X 8.8 (2.8—6.0 X 5.6—14.0)
1- » ... 43X 146 (2.8—6.0 X 9.3—20.0)
2-  » ... 45X 20.4 (4.0—6.0 X 16.0—26.0)
3- » ... 46X 250 (3.0—6.0 x 10.0—32,0)
4- » ... 4.8 X 30.5 (4.0—6.0 X 24,0—36.0)
5- » ... 4.9 X330 (4.0—7.0 X 24.0—52.0)
6- » ... 4.6 X 42.5 (4.0—5.0 X 36.0—60.0)
7- »  .... 5.3 X 44.3 (5.0—5.6 x 34.0—58.0)
8- .» .... 4.0x640 :

The chlamydospores were intercalary occur-
_ ring singly or more often in chains ot clusters
(Fig. 16). '

This species made up 1.3 9, of the isolates
obtained. Since it was only weakly pathogenic, it
is appérently not very important as a cause of
clover root rot.

Fusariitm oxysporam Schl. emend. Sayder &
Hansen 1940 ‘

The species, belonging to the group Elegans, is very
cosmopolii:an and is found in many different host plants.
Different forms of the fungus have become specialised
and occur in certain host plants (WoOLLENWEBER and
RemkiNnG 1935, SNyDER and HanseN 1940, Rarrro 1950,
Gorpon 1959, 1960). F. oxysporum is one of the most
commonly found fungi in clover and other legumes
infected with root rot. Tt has earlier been isolated in
Finland from root crops and onions under the name
F. oxysporum Schl. v. aurantiacum Link. (JAMALAINEN
1944) and from catrots under the name currently used
here (Muxura 1957).

. In culture, the fungus produced white myce-
lium which occasionally had a tinge of yellow
or pink. The stroma was usually reddish violet
ot pale carmine red. Microconidia, 0—1-septate,
were formed in the mycelium, while 3 (2—6)-
septate macroconidia appeared in the sporodochia
and sometimes also in the pionnotes. The size of
the conidia (u) in 21 isolates was:
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O-septate .... 3.0 X 8.1 (2.0—5.1 X 4,0—14.0)
1- » 3.2 x 12.3 (2.0—5.0 x 7.3—17.7)
2- » 3.3 x 20.0 (2.8—3.7 x 11.2—28.0)
3- » 4.0 x 31.1 (2.3—5.0 X 22.0—46.0)
4- » 4.3 X 38.6 (3.7—6.0 X 32.0—50.0)
5- » 4.1 X 47.4 (3.0—5.0 X 4Q.0—54.0)
6- » 3.6 X 46.0 (3.0—4.0 x 42.0—50.0)

The chlamydospores were both intercalary and
terminal, one- or two-celled (Fig. 16).‘

F. oxysporum occurred quite frequently in the
clover roots studied (2.6 9,). Since in the tests
its pathogenicity proved to be below average to
clover seedlings, it seems not to be so harmful
in Finland as in other countries.

Fusarium oxysporun Schl. emend. Sn & Hans. var

redolens (Wr.) Gordon 1952

This fungus, which Gerracu (1961 b) believes in an
independent species F. redolens Wr., originally deter-
mined by WorrENweBER (1931), has been found as a
saprophyte in many plants in both Europe and the U.S.A,,
(WoLLENWEBER and REINKING 1935, Rarro 1950, Gor-
pon 1959, 1960). It has also been discovered in red clover
roots (WorLLENWEBER and REemNking 1935). In Finland
JAMALAINEN (1944) isolated it under the name F. redolens
Wr. f. 7 Wr. from pine saplings.

The mycelium of the fungus in culture was
white, low-growing, finally quite powdety; many
of the isolates had a distinct aromatic odour. In
young colonies the stroma was pale brown, sand-
coloured, occasionally with a violet tinge. Some-
times a few pale brown sclerotia were formed.
The conidia, borne in the mycelium, pale brown
sporodochia and pionnotes, were 0—3-septate,
often stalked at the base, and with a beak-shaped
tip. The conidial size (u) of 3 isolates was:

O-septate .... 3.6 X 7.7 (2.8—4.7 X 5.5—11.2)
1- » 3.4 X 13.0 (2.8—4.7 X 6,5--23.3)
2- » 4.2 x 21,0 (3.7—4.7 X 15.8—26.9)
3- »

4.2 x 30.0 (3.7—5.1 X 22.3—36.0)

The chlamydospores were both intercalary and
terminal (Fig. 16).

F. oxysporum vat. redolens was relatively rare
in the root samples (0.6 9%). Its pathogenicity
to seedlings was below average, indicating that
it is one of the causes of red clover root rot.



Fusarinm solani (Mart.) App. & Wr. emend.
Snyder & Hansen 1941

This species, which has been described under many
different. names, occurs throughout the world chiefly as
a saprophyte in numerous plants and plant products. It
has also been encountered as a pathogen in many plants
(WorLENWEBER and REINKING 1935, Rairro 1950, Gor-
pon 1959, 1960). It is well known as an initiator of root
rot of clovers and othet legumes (p. 26). In Finland
KarsteNn (1892) found it in potatoes and named it
F. solani (Matt.) Sacc. Later the name F. solani (Mart.)
App. & Wr. was applied to the fungus isolated from
potatoes by JAMALAINEN (1943 b) and Owvrrva (1947).
JaMALAINEN (op. cit.) also found the species in young
spruce, while Linnasarmr (1952) demonstrated that the
isolates of F. solani (Mart.) App. & Wr. and F. solani
(Mart.) App. & Wr. v. minus Wr. from cabbage, stock
and catnation were also mildly pathogenic to seedlings
of cabbage, tomato and cucumber. Mukura (1957) ob-
served that F. solani (Mart.) App. & Wr. emend. Sn. &
Hans. caused decay in stored catrots.

When cultured, the fungus had a scanty aerial
mycelium which was initially white, later pale
yellow: The stroma was light tan or greyish
yellow, in some isolates greenish blue formations
resembling sclerotia appeared. The conidia, borne
in the mycelium, or in pale brown to yellowish
grey sporodochia and pionnotes, were slightly
curved, shuttle-shaped, 3 (0—5)-septate. Their
average size (3 isolates) was as follows (u):

O-septate .... 4.2 X 9.0 (3.0—5.1 X 6.0—11.2)
1- » 3.8 X 14.7 (3.0—4.7 X 9.3—20.0) -
2-  » 4.2 x 21.4 (3.7—4.7 X 18.6—26.0)
3- » 4.9 x 28.0 (4.0—5.0 x 20.5—38.0)
4-  » 4.8 X 40.6 (4.0—5.0 X 38.0—44.0)
5- » 5.0 X 48.0 )

The chlamydospores were mainly single,
smooth, terminal or intercalary (Fig. 16). This

fungus made up 1.2 %, of all the isolates. It was a

relatively weak pathogen to red clover seedlings
(Table 5).

@/z'ﬂdromrpoh radicicola Wollenweber 1928

This is a very widely distributed fungus, occurring in
many plant species as a saprophyte and wound parasite.
Similar to' many other species of Cylindrocarpon, it is also
a common soil fungus .(WoLLENWEBER 1928, 1932). C.

radicicola is one of the most frequently found fungi in
the roots of forest trees and other plants and is presumed
to be a normal inhabitant of the root surface (GARRET
1960, Kusixkova 1963). Data on the pathogenicity of
C. radicicola are rather scant: Cormack (1937 a) found it
to be a weak parasite in the roots of alfalfa and sweet
clover, while GErLacH (1961 2) observed it to be destruc-
tive and pathogenic to many ornamentals. In Finland the
fungus has been encountered in decayed potatoes (Or-
rirA 1947) and carrots’ (Mukura 1957).

When cultured, the isolates showed the fol-

lowing characteristics: the aerial mycelium was

relatively scanty, often floccose, initially white,
later pale yellow or tan, and finally dark brown.
The hyphae had a diameter of 2.3—5.1 y. The
stroma was dark brown, occasionally reddish
brown. The conidia, which were formed both
in the mycelium and the pionnotes, were cylin-
drical, slightly curved, elliptical at the end, mostly
1-septate (0—4). The average sizes of conidia of
37 isolates were as follows (u):

O-septate .... 4.0 x 10.2 (1.9—6.0 x 3.7—30.0)
1- » 5.2 x 19.6 (2.0—8.4 x 7.4—30.7)
2-  » 5.8 X 27.6 (3.7—9.0 x 18.0—36.3)
3- » 5.9 x 29.8 (3.7—8.0 x 18.0—40.0)
4-  » 6.0 x 30.0 (5.0—8.0 x 22.0—38.0)

Abundant chlamydospores were produced.
They were dark brown, nearly spherical, usually
intercalary, had a diameter of 11 4 (9.8—14.6 u),
and occurred individually, in chains or in clusters
(Fig. 17).

C. radicicola made up 16.2 Y, of the isolates
from the root samples. Its pathogenicity was

" below average as has also been established by

other tesearch workers (e.g. KirparTrick et al.
1954 b).

Cylindracarpon ebrenbergi Wollenweber 1928

The fungus is a common soil saprophyte both in
cultivated and uncultivated land and is also a parasite
in numerous different plant species (WoLLENWEBER 1928).
Its role in destroying the roots of alfalfa and sweet
clover was first established by Cormack (1937 a), who
also demonstrated its high pathogenicity to alfalfa and
clovets. In Finland the fungus has earlier been encoun-
tered in decayed potato tubers (Orrica 1947).
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The mycelium of C. ehrenbergi in culture was
white or slightly reddish brown in colour, cot-
tony, and formed quite dense mats, which some-
times were light brown and resembled sclerotia.
The conidia arose slowly, but in cultures 3—4
weeks old they were very abundant as a pale
yellow mass in the sporodochia or pionnotes. The
conidia were cylindrical, usually straight but oc-
casionally slightly cutved, and characteristically
1-septate. Their average size in u was:

33 % 9.6 (2.8—4.1 x 6.5—11.2)
3.7 X 22,0 (2.8—4.2 x 12,1—30.7)

O-septate .. ..
- »

There were few small-sized, chlamydospores, 6.6
X 8.4 (4.2—13.5) y, usually occurring in chains
and resembling bulbous sw: elhngs on the myce-
lium (Fig. 17).
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Flg 17. a. Comdla and chlamydosportes of a. Cylindrocarpon radzmola
b. C. ehrenbergi, c. C. obtusisporum.
Kuva 17. a. Cylindrocarpon radicicola, b. C. ebrenbergi jac. C. obtusisporun,
sienien kuromaitivitd ja kitkoitivita.

This fungus comprised only 0.4 9, of the iso-
lates, and its pathogenicity to ted clover seed-
lings was above average (Table 5, Fig. 18).

Cylindrocarpon obtusisporum (Cke. & Hark )
Wollenweber 1928

As in the case of the above-mentioned species, this
fungus, is found in many different kinds of plants (Wor-~
LENWEBER 1928). Cormack (1937 a) and McDoNALD
(1955) isolated it from‘e.g. alfalfa roots; the former author
determined experimentally that it was only mildly or at
most moderately pathogenic.

Rather abundant white or pale tan aerial
mycelium was produced in cultutre; the hyphae
were 2—3 u in diameter. The stroma was light
tan, becoming darker later. At first there were



Fig. 18. Red clover seedlings injured by Cylindrocarpon
ehrenbergi.

Kuva 18. Cylindrocarpon ebrenbergi -sienen vioittamia puna-
apilan taimia.

few conidia in the mycelium; later they increased,
notably in the sporodochia, which were cream
coloured or yellowish white. The conidia were
cylindrical, straight or curved, roundish at the
end, 1-septate (0—3). Their average sizes (6 iso-
" lates) in u were as follows: '

O-septate .... 4.1 x 11.1 (3.0—5.0 X 5.6—17.0)
1- » 4.6 X 30.0 (2.8-—6.0 x 14,0—38.1)
2- » 5.1 X 36.8 (3.7—6.0 x 22.8—40.9)
3- » 4.7 X 34.6 (4.2—5.0 x 30.0—40.9)

There were very few chlamydospores, and it
was difficult to distinguish them from the bul-
bous swellings on the mycelium; their dimensions
were 7 X 8 (5—10 x 5—12) u (Fig. 17).

The fungus was found in only 0.2 9%, of the
isolates and the pathogenicity was below ave-

rage (Table 5).

Myceliasterilia

Rhizoctonia solani Iiihn 1858

The fungus is one of the most widely distributed soil
pathogens and has a wide range of host plants. It is a
complex of species, which varies greatly both morpho-
logically and physiologically. Many different opinions
have consequently been expressed concerning the
taxonotmic position of this fungus. At present its perfect
stage is considered to be the Basidiomycetes fungus Cerato-
basidinm filamentosum (Pat.) Olive, syn. Pellicularia fila-
mentosa (Pat.)) Rogers (Orive 1957). Many research
wotkers have demostrated that R. solani causes root rot
in clovers and other legumes (cf. p. 26). In Finland the
fungus has been found to be a common and injurious

causal agent of damping off in vegetables and ornamen-
tals (LinNAsALMI 1952) as well as to cause decay of stored
carrots (Mukura 1957).

In culture the fungus produced initially tan-
coloured mycelium which later became darker;
the hyphae, 3.7—10 yx in diameter, were charac-
teristically branched at right angles near the
septae and were distinctly constricted at the
branching points. The mycelium also contained
large cells 14—19 X 26—32 (39) u in size, which
were either cylindrical and round-ended or bar-
rel-shaped and flat-ended; according to SAKSENA
and VaArTAja (1960) they are chlamydospores.
The mycelium produced small brown sclerotia,
1—3 mm in diameter, occurring mainly in clus-
ters (Fig 19).

On the basis of the present material, R. solani
is a common parasite in red clover roots (6.9 %)
and since it was moderately pathogenic to seced-
lings, it is relatively injurious to clover.

Rbizoctonia crocornm (Pers.) De Candolle 1815

The fungus, whose petfect stage is Helicobasidinm
purpurenrmr (Tul.) Pat., is a common root parasite and
has many host plants (WoLLENWEBER 1932). In the 19 th
century it was already known in Europe as a destroyer
of alfalfa roots under the name R. violaceae Tul. or R.
medicaginis DC. or of clover roots under the name R.
violaceae DC. f. trifolii (DE CanDpoLLE 1815, FuckEer 1861;
cf. also p. 26). In Finland the fungus was isolated from
carrots by Mukura (1957).

The aerial mycelium of the fungus in culture
was greyish violet, cottony, with hyphae 4—6.5
in diameter. The hyphae on the surface of the
medium were 6.5—11 u thick and developed
sclerotia about 1 mm in size; these were initially
pale grey, later becoming dark violet (Fig. 19).
R. crocorum was encountered quite frequently in
the root samples (3.5 %) and the pathogenicity
was below average.

Rbigoctonia endophytica Saksena & Vaartaja 1960

The species was previously isolated only in Canada
from young nursery plants of pine and spruce which
were injured by damping off. It was also found to be
pathogenic to seedlings of certain deciduous trees and
vegetables (SAksENA and Vaarraja 1960).
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Fig. 19. Rhizoctonia species: A. R. solani, B. R. crocorum C. R. endophytica, a. vegetative hyphae, b. chlamydos-
pores, c. sclerotial mycelium.

Kwuva 19. Rbhizoctonia-lajit: A. R. solani, B. R. crocorum C. R. endophytica, a. sieniribmoja, b. kitkoitisitd, c. pabkaribmastoa.

The fungus grew quite rapidly in culture, and
its hyaline surface mycelium formed scattered
small, white, cottony clumps. Later the colony
was cream yellow or with a tinge of brown. The
vegetative hyphae were hyaline, later becoming
slightly tan, and had a diameter of 3.7—4.7 u.
They formed branches at nearly right angles and
were constricted at the branching points. The
branches anastomosed quite profusely. Chlamy-

dospores occurred either singly or usually in
loose clusters (Fig. 19); when young they wete
in the shape of elongated, round-ended cylin-
ders, later becoming barrel-shaped, 8.3—13.0 X
14.9—25 (30) u.

Rhbigoctonia endophytica was found in 4.1 %, of
the root samples. Its pathogenicity was below
average to red clover seedlings (Table 5).

Pathogenicity of the fungi

The discovery of micro-organisms in the roots
of red clover plants diseased with root rot does
not necessarily prove that these organisms were
the primary cause of the disease, despite the fact
that they were isolated as aseptically as possible
from the margin of healthy and diseased tissue,
as was done in the present studies. It is possible
that such fungi promoted secondarily the deve-
lopment of the disease which was caused by
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some other agent. The primary factor could be
some other micro-organism or animal or a
certain growth factor which weakened the host
plant.

In order to demonstrate the pathogenicity of
the fungi isolated from red clover roots, a large
number of ttials were carried out under control-
led conditions both with red clover seedlings and
with older plants.



Table 4. Pathogenicity tests with seedlings
Taulukko 4. Patogeenisuuskokeet siementaimilla

Test series I — Koesarja I Test series II — Koesarfa I7T
T Av. 9%, of Av. % of
Fungus — Sieni No. of | No. of a‘t;ezi:% Significance No. of | No. of adﬂl;ezs:ii Significance
isolates tests seedlings . isolates tests seedlings A o
Isol, Kok, Sair. ja lsol:‘ztcs Isol. Kok. Sair. ja isolates
Inkum. | lnkum. Fuolleita Merkitsepyyr Iukum. | lukam. kuolleita Merkitsegyys
% Yo
Chaetomitm Spp. ... ..coivin.. — — — — 2 3 35.7 69,1 7%%x
Marasmius graminum .............. 2 2 41.6 15, a2%%* 4 6 60.7 37.09%%*
Phoma medicaginis v. pinodella . .. .. .. 2 2 20.0 — 6 6 65.8 147, 0g¥k*
Pestalotia truncata ... ... ....... — — — — 1 3 80.0 —
Alternaria temuis ... .. ... ... ... 1 1 6.7 — 3 4 30.2 8.50%
Fusarium poae ................... 3 5 19.0 11, 26%** 7 8 28.6 32, 41%%%
» arthrosporioides .. ...... .. 23 26 52.0 142, 58%** 11 18 43.8 204, 41%%*
» AVERACCHTH o o\ oo oo 29 35 58.7 256, 58%** 18 30 55.9 545, 9g***
» QEUITRALUNE o o o o v oo v e e 29 48 54.0 171.15%*%% | 23 26 57.2 637. 54%%%
» culmornm .. ... ... ... 6 6 42.3 2.83 4 4 58.3 69. 3 g*¥*
» graminearam .. .......... — — — — 1 3 81.3 —_
» sambucinum .. ... ... .. .. 7 8 13.3 9.81° 8 9 41.0 316.10%**
» OXYSPOTHIE .. ... 17 19 15.3 45.17%% 15 21 32.6 181, 7 pk%*
» » v. redolens 2 2 15.0 0.14 5 5 48.9 43, gg**x
» solani .. ................ 1 2 16.7 — 8 13 46.7 437, 95%%%
Cylindrocarpon radicicola . ........ .. 10 10 22.3 47.60%** 12 17 49.0 465,73%%%
» ehrenbergi . . .. ... — — — — 3 8 63.8 149, g 1%%x
» obtusisporum ... .. .. 1 1 80.0 — 4 5 30.5 6.50 (*)
Rhigoctonia solani . ................ — — — — 6 12 36.3 68.29%**
» endophytica ............ 2 2 26.7 12, 28%%* 3 3 25.1 9.23%%
» CPOCOYHM .\ oo ee e — — — — 3 4 42.0 13.52%%
Total — Yhteensd | 135 169 — — 147 208 — —
Control — 26 1.0 — — 19 8.9 —

Pathogenicity to seedlings

Two seties of laboratory trials were performed,;
in the first, 10 newly germinated seeds were sown
in each tray, while in the second 50 seeds were
sown. There were four replicates in each series.
The number of trials in the 10-seed series was 26
and in the 50-seed series 19, and they comprised
a total of 377 fungal inocula from 238 different
isolates. The pathogenicity of Fusarium and Cy-
lindrocarpon was thoroughly studied, since these
were the two most commonly isolated fungi ob-
tained from diseased clover plants (Table 3).

As regards the most frequently occurring fun-
gal species in the roots, a sufficient number of
trials were conducted with as many isolates as
proved necessary to obtain a clear picture of the
degree of pathogenicity of the fungus concerned
(Tables. 4 and 5). Definite conclusions cannot be
drawn about the pathogenicity of all the isolated
fungal species, since some of them were tested in
one or only a few trials. Accordingly they do
not all appear in Tables 4 and 5.

A wide variation in pathogenicity was observed
between the various species and also in the diffe-
rent isolates of the same species (Table 4). The
differences between the isolates of most of the
species were very large and significant, as can be
seen from the X2 values, a fact which reflects the
great variations occurring within these species.

Three fifths of the isolates killed at least 50 %,
of the seedlings, while one third caused losses of
26—50 9, (Table 5). The most pathogenic species
to seedlings wetre Fusarinm graminearum and Pesta-
lotia truncata, both of which killed on an average
ca. 809, of the plants. Cylindrocarpon ehrenbergi
was also highly pathogenic, likewise Pyshinm
debaryanum and Sclerotinia trifoliorum which were
only in a preliminary test. High or above average
was the pathogenicity of Fusarium avenacesm, F.
acuminatum and Marasmins graminum. In the other
tested fungi the order of pathogenicity was: Fu-
sarinm arthrosporioides, Phoma medicaginis vaz. pi-
nodella, Rhizoctonia solani, Cylindrocarpon obtusis-
porum, Rbhizoctonia crocornm, Fusarium cunlmoram,
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Table 5. Percentage of fungal isolates in different pathogenicity classes in trials with clover seedlings
Tanlukko 5. Sieni-isolaattien lukumiirin jakaantuminen patogeenisuusinokkiin prosentteina siementaimikokeissa

Pathogenicity classes (diseased and dead plants):
DPatogeenisuusluokat (sairaita ja kuolleita kasveja):

I = 100—76 %, 1T = 75—51 9%, IIT = 50—26 %, IV = 25—0 %,

No. of No. of Pathogenicity class
F L. tests isolates Palogeenisuusiuokka
Fungus — Sieni
Kok. Isol.
lukun. Inksn. 1 I - I i v
Chaetomium SPP. . oo ve i 2 3 — 50 — 50
Marasmins graminum ........ ... ... ..00..0.... 4 8 — 67 16 17
Phoma medicaginis ~. pinodella .. .............. 7 8 25 25 38 12
Pestalotia truncata ... ............ . ... ..... 1 3 100 — — —
Alternariatenuis ... .. ... ... . ... 3 5 — — 75 25
Fusarium poae .............c0uiiiiiiiiiii. 9 13 10 10 50 30
» arthrosporioides .................... 26 44 18 32 32 18
» AVERGCEHM . . et 38 65 26 30 38 6
» GEUTHIRGYHUNE ... oot e 47 74 23 .36 30 11
» culmorum . ... ... ... o 8 10 — 40 50 10
» Graminearuml . ..................... 1 3 100 — — —
» SaMBHCInHI L 13 17 7 20 13 60
» OXYSPOTUM v e i 22 40 — 9 46 45
» » v.redolens .............. 6 7 — 43 29 28
» solani .. ... 8 15 22 11 22 45
Cylindrocarpon radicicola .. .................... 22 27 9 18 46 27
» ebrenbergi .. ... ... ... Ll 3 8 67 — 33 —
» obtusisporam ... . ... . 4 6 20 — 80 —
Rbigoctonia solani . ... ... ... ... ........... 6 12 — 50 17 33
» endophytica .. ...... .. ... ... ..., 5 5 — 20 40 40
» CPOCOVHME . . .o i vt iiiinean e, ' 3 4 — 33 67 —
Total — Yhteensi! 238 377 — — —_ —
Average — Keskimddrin. — — 15 27 36 22

Alternaria tennis, Fusarinm oxysporum vax. redolens,
F. solani, Cylindrocarpon radicicola, Fusarium poae,
endophytica,

Fusarium sambucinum, F. oxysporum, Chaetomium

Chaetominm  cochliodes, Rhizgoctonia
anrenns.

All the fungal species tested were capable of
causing both pre-emergence killing and post-
emergence damping off, regardless of whether
they were actual root inhabiting fungi or soil
inhabiting fungi, the latter of which GARRET
(1960) called primitive parasites.

The artificial infection tests produced symp-
toms similar to those found in the diseased root
samples taken from the field (cf. p. 16). Weakly
pathogenic fungi, which were unable to kill seed-
lings, caused deformations or other mild injuries
in the roots.

A high relative humidity in the microclimate
of the clover stand promoted the growth of root
rot fungi and enhanced their virulence. On the
other hand, abundant moisture in the soil re-
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tarded the growth of most of the fungi, espe-
cially of the Fusarium species, and reduced their
aggressiveness (cf. p. 50).

Pathogenicity to young plants

Seventeen trials were carried out in the green-
house with red clover plants 2—10 months old
which were grown especially for this putpose.
The Fusarium fungi were most extensively tested,
but in addition there were isolates of Cylindro-
carpon, Phoma, Pestalotia, Marasmius, Rhizoctonia
and L'TB. In many of the trials the pathogenicity
of the fungi was determined concurrently in both
injured and healthy roots. Studies were also made
on the mechanism of the infection process, no-
tably the route of fungal invasion and the factors
predisposing infection, which will be described
later (p. 42). The trials with older plants involved
difficulties, since most root rot fungi are rela-
tively weak pathogens and consequently the



Table 6. Inoculation trial with 3-month old red clover plants
Tanlukko 6. Inokulointikoe 3 kuukanden ikdisilli puna-apilan taimilla

A cut was made at the neck of the root and a piece of agar containing mycelium was placed on the cut.
Duration of trial 87 days.

Jusren niskaan tebtyyn haavaan pantiin sienen ribmastoa. Koeaika 87 vrk.

Condition of roots — Juurien kusnto
5—0
Fungal species and isolate Tammisto Tepa
Sienilaji ja isolaatti
ntact cut Intact cut
2 ; / 500150 2 e N J :
Fusarium poae .............couiiiiiiiiiian., 62205—9 4.5 3.0 4.5 3.0
» arthrosporioides .. .. ... ... .. ... .. L 6091—5 4.3 3.0 3.8 3.3
» AUERACCHIE .\ v e v e eeie e eeannennans 62196—9 3.8 3.5 3.8 3.5
» ACUMRAIUIT . oo e e e i ie it 6038—1 2.3 2.5 3.8 1.5
» Y 61213 0.8 0.5 1.3 0.0
» calmornm . ... ... L 6089—1 2.5 2.5 3.8 2.3
» Graminearum .. ..........c..o.oeiiiiiiinn 62119—9 0.0 0.0 2.3 0.0
» sambucingm . ... ... e 6091—8 3.5 4.3 4.3 4.0
» OXYSPOFUIE . it nnas 6232—8 3.8 3.5 3.5 2.0
» » v.redolens .. ... ... . ... 622—3 4.0 4.0 4.0 2.5
» solani .. ... e 6131—5 3.0 3.0 4.3 3.0
Control ... e 5.0 5.0 5.0 5.0
F-value — F-arvo 11, 34%%% 10.97%** 7.9 8%k* 7.02%%%

LSD 1.4 1.3 1.1 1.7

Significance of cutting — Haavoittamisen merkitsevyys .......... 0.3<P<0.2 P < 0.001

death of old plants takes place very slowly, much
morte slowly than with seedlings. Even in pro-
longed trials, complete destruction of the clover
plants was rare. Many of the fungal species were
gradually able to penetrate into even undamaged
roots (Table 6). The severity of infection, how-
ever, was essentially dependent on the inoculum
potential (GarreT 1960). For example, in a
certain trial with 9-month old clover plants,
where the inoculum consisted of a liberal coni-
dial-mycelial suspension prepated from 7 fungal
isolates (Fusarium arthrosporioides, F. avenacenm,
F. acuminatum, F. graminearum, F. oxysporum,
Cylindrocarpon radicicola, Rbhigoctonia solani) the
~ roots, which initially were healthy, became se-
verely diseased within as short a period as three

weeks.
Average
No. of roots in condition classes condition %
5 4 3 2 1 0 of roots
Control 6 2 0 0 0 O 95
Inoculation 0o 1 2 3 0 2 40

The fungi attacked wounded roots very
readily, and destruction of the plant took place
rapidly and completely (Table 7). Consequently,

Table 7. Infection trial with 3-month old red clover
plants in the greenhouse
Tanlukko 7. Infektiokoe 3 kunkanden ikdisillé puna-apilan
taimilla kasvibuoneessa
Inoculum placed in a cut at the neck of the root; duration
of trial 40 days.
Junren niskaan tebiyyn haavaan sienen ribmastoa. Koeaika

40 ovrk.
Condition of roots
Treatment —- Kdsittely Juurien kanto
Fungus and isolate — Sieni ja isolaatti —
Tammisto Tepa
Control I ........ ..o, 4.8 4.8
»  II, cut — baavoitettsn .. .. .. 4.6 4.5
Marasmins graminum . ... 62140—8| 1.9 2.5
LTB ..o 218 3.2 2.9
Phoma  medicaginis  v.
pirodella ............ 6254—6| 3.6 2.7
Pestalotia truncata . . . ... 62232—8| .2.3 3.1
Fusarinm avenaceum . . . .. 6150—1| 2.4 1.7
»  graminearum .. 62119—9| 1.4 1.7
» oxysporum .
redolens ... ... ... .. 638—9| 1.5 1.7
Cylindrocarpon ehrenbergi . 62118—6| 1.8 1.3
F-value — F-arvo| 19.80%%*| 37, ¢gk**
LSD] 0.8 0.6

root rot fungi are most often facultative wound
parasites of older -clover plants. )

The order of pathogenicity of the fungi to
post-seedling plants was about the same as to
seedlings.
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Factors favouring infection of clover plants

Rontes of invasion

The chief natural sites of invasion of root rot
organisms are the openings in the plant epi-
dermis. This fact became clearly evident in the
studies carried out by the author on the mecha-
nism of infection using peas and beans. These
plants were chosen for the experiments because
they grow more rapidly than clover and are thus
better suited for such investigations. In con-
formity with the trials of Cormack (1937 a, b)
and Hawn (1959) with alfalfa as well as with
those of Curistou and Snyper (1962) with
beans, it was found that at least the Fusarium
fungi readily invade seedlings through the
stomata of the hypocotyl (Table 8, Fig. 20).
According to the trials of Cormack (op. cit.),
Cylindrocarpon ehrenbergi was also able to enter
the roots of alfalfa through its lenticels.

In the case of clover seedlings, infection usu-
ally took place via the above-mentioned natural
openings, although sometimes by means of other
suitable organs of the plant. For instance, the
root hairs and the young epidermal cells which
produce them are not cutinized, and are easily
penetrated by the fungal hyphae. At least the
hyphae of certain Fusarium species readily pene-
trate the young epidermal cells of the root tips
of red clover. From these epidermal cells, the
fungal hyphae grow through the cortical tissue

Table 8. Inoculation trial with pea seedlings in the
greenhouse

Taulukko 8. Inokulointikoe herneelld kasvibuoneessa

Condition
Treatment — Kdsittely of roots
Fungus and isolate — Siens ja isolaatti Juurien kunto
5—0
Contedll ... o ib 0865 2 M e 5.0
Marasmius graminum . . ........ 6046—k 4.1
Phoma medicaginis v. pinodella . . .. 6254—6 4.6
Pestalotia truncata . .. .......... 62232—8 4.1
Fusarium avenaceum . .......... 6150—1 3.1
» acuminatum . .. ...... 6091—7 3.2
Cylindrocarpon ebrenbergi . . . .. .. 62118—6 4.4
Rhbizoctonia crocorum .. ........ 6256—7 4.4
F-value — F-arvo 32, 8o%k*

LSD 0.3
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Fig. 20. Pea seedlings inoculated with Fusarinwm avenacenm,
the fungus was located at two levels in the soil.

Kuva 20. Fusarium avenaceum -sienelld inokunloituja berneen
taimia; sieni olf sijoitettu kasvialustalle kahieen tasoon.

into the xylem, from where the invasion prog-
resses mainly along the tracheids. The mycelium
grows both inter- and intracellularly. Since the
root hairs originate in the pericycle of the stele,
the fungus readily advances along this tissue into
the phloem of the primary root. The vascular
wilt fungi, which include most species of Fusa-
rium, invade in particular, the vascular tissues.

In the case of older clover plants, the condi-
tions favouring infection are different from those
of seedlings, since the root epidermis is more
difficult to penetrate. In such cases, environ-
mental factors have an important bearing on the
process of infection. According to experiments



Fig. 21. Nine-month old clover seedling from pathogeni-

city test with Fusarium avenaceum after 26 days from infec-

tion, root wounded by puncturing; longitudinal section.

Kuva 21, 9 kunkanden ikdisend pistéamdilli haavoitettu ja Fusa-

rium avenaceum -sienelld infektoitu puna-apilan taimi halkais-
tuna 26 vrk:n kuluttua infektoinnista.

performed by the author (cf. p. 48), it was found
that at least certain species of Fusarium were able
to invade the healthy roots of even mature clover
plants, evidently chiefly through the natural
openings in the root epidermis. It is possible
that part of the fungal invasion may take place
directly through the young parts, such as the
root tips. This is suggested by the fact that in
many cases destruction of the roots began at the
tips.

It was clearly demonstrated in the experiments
that wounds in the roots of red clover increased
the success of fungal infection. A puncture or
cut made at the neck of the tap root was suffi-
cient to ensure the immediate entrance of the
parasite (Figs. 21, 22). Wounds made lower in
the tap root led to the same result (Fig. 23). As

a ‘ b

Fig. 22. Red clover seedlings 2% months old, wounded
by puncturing; a = infected with Cy/indrocarpon radicicola,
b = not infected.

Kuva 22, Pistimilli baavoitettuja 2V, kunkanden ikdisid
puna-apilan taimia; a. infektoitu Cylindrocarpon radicicola
-sienelld, b. infektoimaton.

Fig. 23. Red clover seedlings infected with Fusarium
arthrosporioides (A) and F. avenacewm (B); a and ¢ = intact
roots, b and d = roots wounded by puncturing.

Kuva 23. A, Fusarium arthrosporivides ja B. F. avenaceunr
-sienelld infektoituja puna-apilan taimia, a ja ¢ baavoittamat-
tomia, b ja d haavoitettu pistiméilld.
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Fig. 24. Red clover seedling showing severed branch
root infected with Fusarium avenaceum.

Kuva 24. Puna-apilan katkaistu junren haara on infektoitn
Fusarinm avenacenm -sienellé.

evidence of the importance of fungi in causing
root rot, it can be mentioned that mechanical
injury to the root without the presence of fungi
resulted merely in a scar being formed at the site
of the wound (Fig. 22 b). When the secondary
roots are broken in one way ot another, the fungi
easily enter the plant and pass to the primary root
(Fig. 24). Under the conditions prevailing on the
field, this route of infection is extremely impoz-
tant for initiating root rot, since there are many
possibilities for mechanical injury and breaking
of the roots.

After clipping, the severed ends of the clover
stems — especially on seed fields — provide good
sites of invasion for various micro-organisms.
They penetrate into the stem and advance as far
as the parenchymous tissues of the crown of the
plant (Fig. 25). The fungi easily destroy this tis-
sue with its large, thin-walled parenchymous cells
extending for a short distance into the tap root.
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Fig. 25. Severed shoots of red clover infected with
Fusarium avenaceun.

Kuva 25, Fusarium avenaceum -sienelld infektoituja puna- api-
lan katfkaistuja varsia.

The first symptom of root rot, discolouration of
the tissue, is usually seen in this part of the plant
(Fig. 1, B 9).

Although the trials showed that root rot fungi
could invade completely uninjured clover roots,
as was also observed by e.g. Garren (1955),
Fezer (1961) and Car et al. (1964), it was obvious
that wounding of the roots in one way or another
greatly facilitated infection of the plant. Wound-
ing of the roots is considered by many investi-
gators to be the principal factor for the initiation
of root rot infection (KiLpaTrICK et al. 1954 a,
Furron and Hanson 1960, Borrow and DiERCKS
1960).

From their initial invasion site, the hyphae of
root rot fungi proceed both upwards and down-
wards along the vascular tissue (Fig. 26). The
first result of this is a brown discolouration fol-
lowed later by clogging of the tissue (Fig. 27)
and a gradual withering of the plant. In its initial



stages, root rot is a typical tracheomycosis. The
immediate cause of withering induced by root
rot has been studied in a number of investiga-
tions in the case of tomato (e.g. GOTHOSKAR et
al. 1955, Prerson et al. 1955). On the other hand
relatively few studies have been made with clover,
but the infection mechanism appears to be
similar to that in tomatoes (WooDBURY et al.
1962, Crr and Hanson 1964).

Tt was earlier believed that Fusarium and cer-
tain other root rot fungi produced toxins, which
caused darkening of the tissue and subsequent
withering of the plant (GAumanx et al. 1950).
However, recent studies have shown that the
main reason for the withering is clogging of the
vascular tissues, partly with mycelia but appar-
ently chiefly with the decomposition products
from the vessel walls caused by the biochemical
action of the fungus (ScrHerFrerR and WALKER
1953, Pierson et al. 1955).

Some species of Fusarium have been found to
produce a pectinase enzyme which decomposes
the pectin-containing vascular tissue of the plant
(GoTHOskAR et al. 1955, Pierson et al. 1955, Cnr
and Hanson 1960). Thus the fungi pass into the
surrounding tissues, where under favourable con-
ditions they may sporulate (cf. Car and Hanson
1964). A direct relationship has been observed
between the virulence of Fusarium oxysporun iso-
lates and their capacity to produce pectinase
(Paquin and Couromse 1962). Vascular wilts
are systemic diseases caused by certain soil
fungi (GArrET 1960). They spread very rapidly
and finally penetrate into nearly all the tissues of
the plant. On the other hand, it has been found
that fungal infection stimulates the host plant to
produce a counter-agent, phytoalexine, which
checks the advance of the fu-ngus if the plaat
possesses at least some degree of resistance
(Crurcksuank 1963).

Factors causing mechanical injuries to roots

Many investigators have pointed out the sig-
nificance of certain soil-inhabiting insects in
causing mechanical injury to roots of clover and
other legumes and thus favouring their invasion

Fig. 26. A. Longitudinal section of clover root showing
the invasion of the root rot fungus along the vascular
tissues of the tap root after having entered a secondary
root; B. Vascular tissue of red clover root invaded and
discoloured by fungal mycelium,
Kuva 26. A. Piistyédin sisiin valtaamastaan juuren haarasta
sienet eteneviit johtosolukkoa myiten pédjunressa; B. Sieni-
ribmajen valtaamaa ja ruskettamaa puna-apilan junren johto-

solukkoa.

At ¥ 1

Fig. 27. Cross section of red clover root, showing
tracheids clogged by Fusariwm acuminatum. 350 X

Kuva 27. Fusarium acuminatum -sienen tukkeamia putkiloita
prna-apilan juuressa.
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Fig. 28. Larvae of Apion sp. in the basal part of the stem
of red clover plants.

Kuva 28. Apion sp. -toukkia puna-apilan varren tyvessi.

by root rot organisms. Sifona species are con-
sidered to be especially important by e.g. Kir-
PATRICK and Dunn (1958), GrRanAaM and NEwTON
(1960) and LeacH et al. (1963), while Borrow
and Drercks (1960) believe that species of Apion
are the most important in this respect. Kir-
PATRICK (1961) demonstrated that larvae of Sitona
favescens and §. hispidulus feed on the root nodules
of clover and also transmit fungi, such as Fusa-
rium oxysporum, F. solani and F. roseum. Other
initiators of root rot have been found to be
Hylastinus obscurus Marsh. (GrRaAnAM and NEw-
TON 1959) and Calomyeterus setarius Roelofs (NEw-
TON and GraHAM 1963). The importance of in-
sects in promoting the initiation of root rot,
without mentioning individual species, has been
emphasized by e.g. KrRErrLow et al. (1953), Krr-
PATRICK et al. (1954 a) and Furron and Hanson
(1960).

Nematodes have been found to aid the en-
trance of root rot fungi as well as to transport
fungi (e.g. McGuire et al. 1958, Baxter and
Gisson 1959 and PowerL 1963).

In Finland, as in other countries, clover is
parasitized by species of Apion and Sitona. Of
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the 11 species of Sitona encountered in this
country, larvae of at least the following species
commonly inhabiting clover were found by
Markkura (1958, 1959 a) to damage the roots
of red clover: S. hispidulus Fabr., S. flavescens,
Marsh., S. sulcifrons Thunb, S. decipiens Lindb.
S. lineatus L. and S. puncticollis Steph. No data is
available on the extent of their damage to clover
in Finland.

Apion virens Herbst, which in its larval stage
lives in the stems of red clover, as well as .A.
seniculus Kirby, parasitizing the stems of alsike
clover, are relatively common in southern and
central Finland (Markkura 1959 b).

Larvae of A. virens were discovered in many
red clover samples, especially in those collected
from seed fields. They appeared to penetrate
downward through the stem into the upper part
of the root, thus providing an easy route of
invasion for root rot fungi (Fig. 28). However,
according to SteIN (1965), A. virens larvae do not
penetrate to the root but instead return upward
through the stem. Certain studies have shown
that larvae of _A. seniculus bore tunnels in the
crown of red clover plants (BorLow and Diercks
1960).

The fact that only a few insects of Apion and
Sitona were found in the root rot samples (cf.
Table 2) does not mean that these insects are
of minor importance in initiating and pro-
moting root rot. It is very possible that some
of the larvae could have escaped from the sam-
ples during collection and handling. According
to numerous observations made by the author
on the field, it is evident that such insects are
considerably more significant in promoting root
rot than would appear from the above-mentioned
analysis results.

A very important group of factors respon-
sible for the initiation of root rot in Finland con-
sists of abiotic winter damage (Yrimixr 1962 b).
Root injury taking place during the winter sea-
son, particularly in autumn and spring, is caused
especially by soil disruption due to alternate
freezing and thawing of the ground, which dam-
ages and breaks the roots. Similar damage is



caused by pronounced drying of the soil (cf.
KRrEerrLOWw et al. 1953, KivpaTRICK et al. 1954 a).
The author has observed this during dry sum-
mers in Finland, particularly on clay and silt
soils. Livestock grazing on fields may also cause
serious damage to the crown of clover plants. In
some winters a long-lasting cover of ice or water
on the surface of the field may weaken the plants
and make them susceptible to fungal invasion.

In addition to actual injury, clover plants may
also become subject to fungal attack if they are
physiologically weakened. GRAHAM and NEWTON
(1959) observed that Hylastinus obscurns depleted
the carbohydrate reserves of clover roots. Crr
et al. (1964) expressed the opinion that the effect
of root injuty in promoting disease is due prin-
cipally to its weakening influence on the plant
rather than the provision of a route of invasion
for the fungi. Many environmental factors af-
fecting the growth of plants as well as other
diseases, such as virus infections, have been
found to increase the extent and severity of
root rot (WatsoN and GUTHRIE 1946, Osmima
and KerNkampF 1957).

The influence of environmental factors on infection

Since the fungi causing root rot of clover are
common in the soil and many of them can live
for long periods in a large number of different
host plants — some are able to survive sapro-
phytically without host plants — it is evident
that clover plants are constantly menaced by the
possibility of infection. As to when and how
severely the fungi succeed in invading the plants
in each particular instance depends to a great
extent on the prevailing conditions. On the one
hand, infection is dependent on the natural sus-
ceptibility or resistance of the plant to disease,
and on the other, on the favourability of the
environmental conditions to fungal attack. Since
there may be a large number of different factors
simultaneously influencing infection, it is ex-
tremely difficult — often quite impossible — to
distinguish them under field conditions. In many
cases it is difficult even to decide which factor
has been the most important.

\

Owing to the multiplicity of root rot fungi
and the many divetse factors affecting them, the
damage caused by them may occur in very dif-
ferent conditions throughout the entire growing
season, from early spring to late autumn. Mostly,
however, root rot is observed in early spring soon
after the melting of the snow (cf. KitpATRICK et
al. 1954 a, FEzER 1961). This is partly due to the
fact that in this early stage the diseased, stunted
clover plants can more easily be distinguished
from the healthy plants, but also partly due to
the relatively larger numbers of infected plants
in the ley in the springtime. The majority of such
diseased plants die in the following growing
season. As stated previously, there is a close
correlation between the extent of winter injuries

. and the severity of root rot under the conditions

prevailing in Finland. In addition, the clover
plants ate in a weak condition in spring after
their winter dormant period, and are consequently
more susceptible to root rot.

Weakening of clover

The weakened state of clover plants in the
spring may be a result of soil and nutritional
factors, climatic conditions, ot various biotic
factors. One of the most vital factors affecting
the winter hardiness of clover plants is their
supply of food reserves, in patticular carbohy-
drates (GreaTHOUSE and Stuart 1936, VIRTA-
~EN and Nurmra 1936, Kasparova and Pro-
SKURNIKOVA 1944, Smrre 1950). In northern re-
gions, such as Finland, the plant food reserves
become greatly depleted during the course of
the long wintet, and as a result the plants are
susceptible to cold in the following spring and
are generally in a weak condition. Similarly, they
are liable to attacks by fungal parasites.

Clipping leys many times and to a short stub-
ble, as well as grazing, in the latter part of the
summer and especially in the autumn, retard and
prevent an accumulation of carbohydrate re-
serves thus weakening the winter hardiness of
clover plants (cf. Porjaxarrio 1939, Kasparova
and ProsgurNtROVA 1944, TErTTINEN 1959). The
growth of clover after flowering and seed pro-
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Table 9. Effect of number of clippings and application of
fertilizers on condition of red clover roots
Taulukko 9. Niittokertojen lukumdiran ja lannoituksen
vaikutus junrien kuntoon

At the start of the trial the plants were 7% months old.
Basal fertilizer equal in all treatments. Duration of
trial 74 days.

Taimet kokeen alkagssa 7Y% kk:n ikéisii, Kaikissa koejisenissi
sama peruslannoitus. Koeaika 74 vrk.

Condition
Treatment of roots
Kasittely Junrien kunto
5—0
11 clippings — niittoa ................. 1.2
» — » - nitrogen — #ypp:i 1.0
» — » -+ boron — boori . .. 1.2
1 clipping —wméitto .......... ... ..... 2.7
» — » - nitrogen — #yppi .. 2.5
» — » -+ boron,—boori..... 3.
F-value — F-arvo 11.15%%%
LSD 0.9

duction has been found to take place almost ex-
clusively at the expense of the carbohydrate re-
serves (Smrra 1950), accordingly seed fields
of clover are particularly susceptible to root
rot.

The effect of repeated clippings in weakening
clover plants and increasing root rot was ob-
served in greenhouse experiments carried out by

- the author, of which two examples are presented

Table 10. Effect of clipping on condition of red clover
roots

Tanlukko 10. Niitiotavan vaikutus junrien kuntoon
At the start of the trial the plants were 210 days old.
Clipping performed 3 times. Duration of trial 109 days.

Taimet olivat kokeen alkaessa 210 vrk:n ikdisid, Niittokertoja
3. Koeaika 109 vrk.

Condition
Treatment of roots
Karittely Junrien kunto
5—0
No fungus — e/ sientd, normal stubble —
norm. SGRRE .. e 4.7
No fungus — e sientd, short stubble —
Dbyt sénki ... 3.3
Frusarium spp. — ei sientd, normal stubble —
oYM, SERRE L 3.0
Frusariun spp. — ei sientd, short stubble —
Dbyt sanki ... oo o o 1.3
F-value — F-arvo 17.16%**
LSD 1.0
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in Tables 9 and 10. Clippings made every second
week resulted in increased susceptibility to clo-
ver rot, and this effect was not mitigated by ni-
trogen application nor by boron treatment (Ta-
ble 9). Clipping to a shozrt stubble increased the
sensitivity of clover plants to clover root rot more
than an augmentation in the number of clippings
(Table 10). Similarly, Fezer (1961) observed that
as the number of clippings increased, the vigour
of red clover declined and the extent of root rot
increased. He also noted that root rot was mote
prevalent under short-day than under long-day
conditions and attributed this to the difference
in amount of accumulated carbohydrate reserves.
During short days, photosynthetic activity is less
intense than during long days, and consequently
smaller carbohydrate reserves accumulate in the
roots. The effect of day-length may also be the
opposite: a long day may stimulate flowering of
clover, which in turn weakens the disease re-
sistance of the plant (UmaErus and AxErBERG
1963). The effect of certain insects in weakening
clover with a resultant decrease in carbohydrate
accumulation in the roots has been referred to
earlier (p. 47).

Effect of nutrients and soil charasteristics

Since, as explained above, a deficiency of food
reserves in clover plants in late winter and
spring increases their Asusceptibility to root rot,
it could be assumed that prevention of such a
deficiency would check the occurrence of root
rot. According to the literature, experiments have
been carried out to determine this aspect with
regard to the principal plant nutrients and the
trace elements. It has been found that phosphorus
and potassium are vitally important for clovers.
For example, KoroseiNixkova (1956 b) demon-
strated that applications of superphosphate to
the soil decreased Fusarium infection of clover
plants, while Cur and Haxson (1961) proved by
means of pot trials and histological studies that
especially potassium makes the tissues of clover
resistant to root rot. On the other hand, in many
cases it has been found that a suitable equilibrium
of nutrients provided by multiple fertilizers is



more important than the absolute quantities
of the nutrients 1956 b,
Tverskor et al. 1950, Cur and Hawnson 1961,
Fezer 1961).

(KOROBEINIKOVA

Mature clover plants infected with root rot
have symptoms resembling those occurring in
e.g. cauliflower suffering from boron deficiency.
Several pot trials were accordingly carried out
to test the effect of boron on red clover plants
of different ages. Different amounts of borax or
boric acid were applied, either in the irrigation
water or sprayed on the leaves, and various
timing schedules were tested. It was found that
boron did not prevent or retard the occurrence
of root rot in a single case. On the other hand,
excessive doses of boron, which produced yel-
lowish and brownish discolouration of the edges
of the leaflets, also caused a hollowing of the
crown of the plant with subsequent browning.
No micro-organisms were found in samples ta-
ken from such affected parts, indicating that the
browning of the tissues was probably due ex-
clusively to the high rate of boron used.

Since the optimum soil pH range for clover
is around 6—7, plants growing in soil with this
pH are more resistant to fungal attacks than
plants in more acidic soil (TvERskoI et al. 1950,
and Hanson 1959). Parxmnson (1961)

observed that the occurrence of Fusarium and

CH1

Cylindrocarpon fungi is greatly dependent on the
acidity of the soil: in acidic conditions Fusarium
species dominate, while in alkaline conditions
Cylindrocarpon is predominant, although the pH
of the soil alone does not govern the relative
amounts of these fungi.

The quantity of organic matter in the soil
affects in many ways for example the growth
and persistence of Fusarinm fungi. SEQUEIRA
(1962) observed that the addition of organic
matter to soil caused a decrease in the amounts
of F. oxysporum f. cubense, which he attributed
mainly to the stimulation of chlamydospore
germination, the lytic action of soil bacteria
on the mycelium and thin-walled spores, and
the

to the cessation in formation of new

chlamydospores.

Fig. 29. Red clover plant whose tap root has been
destroyed by root rot but which has produced abundant
secondary roots from its crown and shoots.

Kuva 29. Juurilahon tubottna padjuuren puna-apila on kasvai-
tanul junren niskasta ja varsistakin runsaasti versojuuria.

Effect of temperature and moisture

Owing to the large number of the different
fungi causing root rot, their temperature and
moisture requirements vary a great deal. Conse-
quently, they may produce injury to clover plants
under very variable conditions. In tests the
optimum temperature for the growth of most
root rot fungi (e.g. Fusarium and Cylindrocarpon )
as well as for the infection caused by them
was relatively high, in the range of 20—30°C.
Nevertheless, infection occurred even at rela-
tively low temperatures, although in these
cases the process of decay and ultimate death of
the plant was considerably slower, since new
secondary roots were produced in the crown to
replace the destroyed tap root (Fig. 29). The
effect of temperature on root rot is evidently

chiefly indirect, affecting primarily the growth
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and development of the fungi and host plant
rather than the initiation of infection and its
" progress.

Moisture appears to be more important than
temperature in initiating root rot. It has been

found that abundant soil moisture increases the .

sensitivity of clover seedlings to damping-off
caused by Pythium, while older plants do not
respond in this way to soil moisture (Car and
Hanson 1962).

Trials were carried out in the greenhouse on
the effect of moisture on root rot caused by Fu-
sarium species in 3Y,-month old red clover seed-
lings. During the first two months, for instance
an extremely pathogenic isolate of F. graminearnm
caused equal destruction under both wet and dry
conditions, however, during the following three
months the plants growing in dry soil suflered
more damage. This can be seen in the following
tabulation, in which normal moisture was main-
tained by giving the plants daily 47 ml watet/pot,
while the wet treatment was 84 ml/pot and the
dry treatment 9 ml/pot.

Condition of roots 5—0
June 17 October 6

Normal moisture ................ 5.0 5.0

» » +fungus ....... 2.6 2.2
Wet 4+ » .. 1.7 1.8
Dry + » 1.7 1.0

Similar instances have been observed many
times by the author in the field. Clover plants
which are damaged by root rot in the spring but
are still living, readily die later in the summer
during periods of drought. This is understand-
able, since once the tap root is destroyed, the
new secondary roots produced in the crown have
no access to water (cf. Fig. 29).

Fusarium fungi thus seem to thrive in relatively
dry conditions and to be more active than in wet
conditions. This appears to be due mainly to the
aerobic nature of the Fausarium species (STOVER
1953). However, another aspect related to this is
the fact that bacteria which compete for oxygen
and nutrients in the soil and which are partly
antagonistic, thrive better under relatively dry
conditions (GARRET 1960).

DISCUSSION

Taxonomy of Fusarium species

In recent decades determinations of the Fusa-
rium species made throughout the world have
generally employed either the system of Wor-
LENWEBER and REemNkiNGg (1935) or that of
SnyDER and Hansen (1945). Recently, however,
use has been made of new modified systems (e.g.
Rariro 1950, Gorpon 1952, 1960) based on that
of the former research workers.

While studying the Fusarium material in
the clover root samples, it was observed that
when grown in culture, certain species in
particular (e.g. F. arthrosporioides, F. avenacenm,
F. acnminatum, F. sambucinum) showed distinct
variations within the species which were both
temporary, environmentally-caused as well as
permanent divergences, possibly due to muta-
tions (cf. MrurEr 1946, Cormack 1951). In the
pathogenicity tests, there were similatly mor-
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phological differences between the isolates as
well as large variations in their degree of patho-
genicity, phenomena which were also observed
by all the above authorities on Fusarium taxo-
nomy. Thus it is extremely difficult to distin-
guish between different species of Fusarium in
systems such as that of WoLLENWEBER and
RenkiNG (1935), in which there ate many spe-
cies and only slight differences between them.
In the opposite case, in the system of SNYDER
and HanseN (1945) the internal variations within
the few species are very great, making it difficult
to distinguish the species from one another.
Since the author believes that Wollenweber’s
system modified by GorDoN (op. cit.) is the most
practical and suitable for the present purpose,
it has been followed in this study.

Since most of the species in Gordon’s system
can be considered as combinations of several of
the species occurring in the scheme of Wollen-



weber and Reinking, and since this system
has been used only as from 1952 (in Finland
Muxkura 1957), it has been considered desi-
rable to describe briefly all the Fuwsarium spe-
cies isolated in the present study according to
Gordon’s system.

Marasmins graminam and the L'TB fungus

In terms of its morphological characters and
its production of HCN, M. graminam resembles
the LTB fungus occurring in Canada and the
U.S.A. (p. 22). However, their response to tem-
perature is different, since the mycelial growth
of LTB declines sharply at temperatures higher
than 15—17°C, whereas M. graminnm grows well
even at 30°C (Fig. 9). The temperature had no

appreciable effect on the pathogenicity of this

fungus in the trials.

It was especially noticeable that the two M.
gramingm isolates 6 221—2 and 62 140—8, which
produced abundant rhizomorpha, were similar
to one another but differed from the other iso-
lates as regards their temperature and pH require-
ments as well as their HCN production {cf. p. 23).
Neither of these two types resembled LTB in
these respects.

Pathogenicity of toot rot fungi

Root rot is a disease complex which can be
incited by many fungal species either singly or
in combination. In the present trials the patho-
genicity of the fungi was tested mainly with in-
dividual species and using disinfected growth
medium. Consequently, the conditions were com-
pletely different from those on the field, where
the infection is affected by the microbes in the
soil as well as by many environmental factors.
Thus the results of the pathogenicity tests and
the trials dealing with the mechanism of infec-
tion cannot as such be compared with the con-
ditions existing in nature. In the present experi-
ments, which were simplified and carried out
under conditions as similar as possible, the dif-
ferences in pathogenicity of most of the fungi
were extremely large, owing to variations within
the fungal species themselves (see. p. 39). This

demonstrates that pathogenicity trials must be
performed with many isolates and using a large
number of parallel tests before even an approxi-
mate picture can be obtained about the relative
pathogenicity between the different species.
Should the pathogenicity tests be carried out
with single-spore or with wild cultures? From the
purely mycological standpoint, the former would
be most logical. Since, however, root rot is a
disease complex, it would be more in accordance
with nature to use »wild» cultures (cf. Gorpon
1952). The author performed several comparative
experiments with seedlings using both wild and
single-spore cultures of the same Fusarinm iso-
lates. Since no significant differences were no-
ticed between these two methods, it was decided
to use single-spore cultures in the pathogeuicity
tests. '

Clover rot and root rot

Clover rot has hitherto been regarded as the
most common and damaging infective disease
of field legumes in Finland (PoBjsagarLIo 1939,
Yrmmikr 1956). Under conditions favourable for
the causal fungus, clover rot may indeed reach
epidemic proportions and ipflict heavy, occa-
sionally total, damage especially in young clover
leys. In regions with a thick snow cover and a
long period of snow-covered ground, repeated
and serious losses due to clover rot often occur.
This disease is thus a case of winter injury.

In contrast, root rot is quite different in
character. Its injuries develop throughout the
entire growing season and they are much more
difficult to observe. Occasionally the damping-
off form of this disease, which may cause severe
damage to seedlings, is completely overlooked
in newly established leys. Similarly, the actual
form of root rot causes a slow decline of clover
in older leys which is hardly noticed. It is dif-
ficult to distinguish the diseased clover plants
except in the spring when growth has just begun.
Since clover plants infected with root rot may
linger on for years, the yield of the stand steadily .
decreases despite the relatively large number of
plants growing (YrLiMAxk1 1962 a, 1966).
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The present investigation has demonstrated
that under the conditions in Finland, root rot
is a very common and injurious disease. In com-
paring the present material with unpublished
data on the occurrence of clover rot, the author
has come to the conclusion that, from the over-
all point of view, root rot is considerably more
damaging than clover rot. Injuries caused by
root rot have previously been attributed to
either clover rot or to abiotic factors.

Control of root rot

When clover is cultivated for many years
on the same place, the fungi causing root
rot continually multiply in the soil. Moreover,
as certain of the more important root rot fungi,
among others the Fusarium species, are po-
lyphagous and can parasitize e.g. cereals, they

have good possibilities to petsist and multiply
in arable soils. It has been shown that the
Fusarium species occurring in cereals used as
nurse crop for clover are able to incite root
rot in clover; (Cormack 1937 b, KoroBEINI-
kova 1956 a, SHATILOV 1963); oats is the nutse
crop which is most resistant to these fungil
(KureNova 1961, CaaMBERS 1962).

Since most root rot fungi are polyphagous
and many of them can also live saprophytically
in the soil, the chances of controlling them by
means of crop rotation, which has otherwise
been successfully used in the control of certain
specialized soil fungi, seem rather remote.

The breeding of clover resistant to root rot,
although as yet in the early stages of research,
appears to have some potentialities for becoming
a feasible means of controlling this disease
MenDE 1954, Crr 1959, Henson 1962).

SUMMARY

Studies on the condition of red clover roots were
made by collecting 8 838 roots on 429 leys in diffe-
rent parts of Finland. Examination of the material
showed that 10.8 %, of the samples were comple-
tely healthy. Root rot was found to be common in
roots from all parts of the country, although it
was less injurious in the north. More diseased
roots were encountered in samples taken from
old leys than from young ones, even though they
were numerous also in first- and second-year leys.

Root rot occurs both as damping-off of seed-
lings and as a relatively slow decaying of the
roots of older clover plants. For this reason,
and also because various micro-organisms
cause the disease, the symptoms of root rot
vary greatly in kind and degree. Besides directly
killing clover plants, root rot also causes yield
losses by decreasing the productive capacity of
diseased plants.

Root rot is a more serious and complicated
problem on leys than clover rot, since it is found
every year and in all localities, in contrast to
clover rot, which occurs only in certain years and
localities.
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A total of 1441 isolates of micro-organisms
were made from the root samples, and 32 fungal
species were determined. Of these, 82 9, were
of the group Fungi imperfecti, and the most
prevalent species were: Cylindrocarpon radicicola
Wr., Fusarium acuminatum (Ell. & Ev.) Wr., F.
arthrosporioides Sherb., F. avenacenm (Fr.) Sacc.,
and Rhizoctonia spp. The following species had
not previously been described in Finland: Phoma
medicaginis vax., pinodella (L. K. Jones) Boer.,
Pestalotia truncata Lev., Stemphylium botryosun
Wallr., Cylindrocarpon ehrenbergi Wr., C. obtusis-
porum (Cke. & Hark.) Wr., Rbhigoctonia endo-
phytica Saks. & Vaart., Chaetominu anrenm Chivers
and Chaetominm cochliodes Palliser.

The Basidiomycetes fungus Marasmins graminum
(Lib.) Fr. isolated from 10 root samples resem-
bles in its morphological characteristics and its
production of HCN the LTB fungus occurring
in Canada and the U.S.A.

Greenhouse tests showed that most of the
fungi isolated from the diseased roots were
pathogenic to red clover seedlings. The patho-
genicity varied widely between the fungal spe-



cies and also between different isolates of the
same species. The most pathogehic species to
seedlings were Fusarium graminearsm Schwabe,
Pestalotia trancata Lév., Cylindrocarpon ehrenbergi
Wrt., Pythinm debaryanum Hesse and Sclerotinia
trifoliornm Brikss. Above average in pathogenicity
wete: Fusarinm avenacenm (Fr.) Sacc., F. acumi-
natum (Bll. & Bv.) Wr., and Marasmins graminum
(Lib.) Fr. Moderately pathogenic species were:
Fusarinm arthrosporioides Sherb., Phoma medicaginis
v. pinodella L. X. Jones) Boer. and Rhigoctonia
solani Kithn. Below average was the patho-
genicity of Cylindrocarpon obtusisporum (Cke. &
Hark.) Wr., Rhizoctonia crocorum (Pers.) DC.,
Fusarinm enlmorum (W. G. Sm.) Sacc., Alternaria
tenuis Neetg., Fusarium oxysporum v. redo/em‘(Wr.)
Gotdon, Fusarium solani (Mart.) App. & Wr.
emend. Sn. & Hans., Cylindrocarpon radicicola
Wr., Fusarium poae (Pk.) Wr., Chaetominm cochlio-
des Pall., Rhizoctonia endophytica Saks. & Vaart.,
Fusarium sambucinum Puckel, Fusarium oxysporum
Schl. Sn. & Hans.
anrenm Chiv.

The fungi were found to enter seedlings chiefly
through natural openings in the plant epidermis,
such as stomata in the hypocotyl, but also

emend. and  Chaetomium

through other suitable organs, notably the
youngest epidermal tissues of the roots.

Many of the fungal species tested were gradu-
ally able to penetrate even uninjured roots of
matute clover plants, though they invaded
wounded roots far more effectively. A large
number of the root rot fungi were found to
be typical wound parasites. Certain fungi are
relatively weak pathogens and are hardly able

alone to cause root rot, however, they can
accelerate the decay initiated by other factors or
organisms.

In its eatly stages in mature plants, root rot
is a typical vascular disease. When the vascular
tissue is destroyed, the fungi invade other tis-
sues and cause their decay.

The sites of fungal entrance are wounds in the
tap root as well as the severed ends of the secon-
dary roots and other injuries in them. A very
favourable site for fungal invasion, notably for
the Fusarium species, is the cut end of the stem,
and the clover plants may easily become infected
immediately after clipping.

Under the climatic conditions in Finland there
is a close correlation between winter injury to
clover and toot rot. Mechanical damage to clover
roots during the winter is caused mainly by soil
frost disruption due to abrupt fluctuations in
temperature, which may break or otherwise
injure the roots. In some winters, clover plants
are excessively weakened by remaining under a
cover of water or ice and are consequently more
liable to fungal attack. At the end of the long
winter period, when the food reserves of the
plants are depleted they are anyhow in a weak
condition. Root rot is not, however, primarily
a winter disease, since mcst of the actual damage
occurs during the growing season.

Although larvae of the insects Apion virens
Herbst and Sitoma spp. are known to cause
mechanical injuries to clover roots, under the
conditions in this country they appear not to be
as important as in some countries in promoting
the initiation of root rot.
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'SELOSTUS

Juurilaho puna-apilan hivittdjind Suomen niittonurmissa

AARRE YriMAKI

Maatalouden tutkimuskeskus, Kasvitautien tutkimuslaitos, Tikkurila

Puna-apilan juurien terveydentilan tutkimiseksi ke-
rittiin eri tahoilta maata 188 kunnasta 429 niitto-
nurmelta lihes
Niytteistd oli

9000 puna-apilan juurta (taul. 1).
80 % perdisin ensimmiisen ja toisen

58

Aineisto
edusti verrattain hyvin maamme eti osia’ ja niiden
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vuoden nurmista {ja 90 % kivennidismailta,

nurmia antaen siten melko selvin kuvan juurilahon
levinneisyydestd, (kuva 2).



Aineiston juurista oli tiysin terveitid vain vajaat 11 %,
Sairaita juuria oli vihemmin Pohjois-Suomesta kuin
muualta perdisin olleissa ndytteissd. Sairaissa juurissa
todettiin kaikkialla esiintyvin juurilahoa, apilan
juuria jo taimiasteelta alkaen tuhoavaa tautikompleksia.
Taimiasteella tautia aiheuttavat pieneliét joko tappavat
idun heti alkuunsa ennen sen maan pinnalle tuloa tai
tuhoavat vasta maan pinnalle jo ehtineen taimen (kuva 18).
Varttuneissa apiloissa juurilaho saattaa ilmetd taudin
aiheuttajista, isintikasveista ja ympiristGoloista riippuen
vaihtelevin oirein. Juuriston lahoaminen voi olla joko
yleistd tai vain johonkin sen osaan paikallistunutta.
Lievissd tapauksissa tauti voi rajoittua vain juurien
kuoriosaan muodostuviin laikkuihin tai sySpymiin,
mutta yhtd yleisti on juurien johtosolukon vioittuminen
ja lopulta sen tuhoutuminen kokonaan (kuvat 1 ja
3). Pienelididen tukkiessa johtosolukkoja ja tuhotessa
ne vihdoin tiysin apiloiden aineenvaihdunta hiiriintyy.
Sen seurauksena kasvit vihitellen ndivettyvit. Juurilaho
aiheuttaa satotappioita seki alentamalla apiloiden tuo-
tantokykyid etti tappamalla niitd.

Vaikka juurien lahoamista tapahtuu kaikkina vuoden-
aikoina, havaitaan tuhot selvimmin keviilld, jolloin
apilat ovat talven heikentimini erityisen alttiita taudin-
aiheuttajille. S

Juurindytteistd otettiin 1441 pieneliGeristettd, joista
miidritettiin 32 iiseimmin esiintynyttd sienilajia (taul. 3
ja kuva 11). Niistd kuului 82 %, Fungiim perfekti-ryhmiin,
ja yleisimmit lajit olivat Cylindrocarpon radicicola Wr.,
Frusarium  acuminatum  (BUl. & Ev.) Wr., Fusarinm
arthrosporioides Shetb., Fusarium avenacenm (Fr.) Sdcc. ja
Rbhizoctonia -lajit. Ensi kerran Suomessa kuvattuja olivat
DPhoma medicaginis var. pinodella (L. K. Jones) Boer.,
Pestalotia truncata Lév., Stemphylinm botryosum Wallr.,
Cylindrocarpon ehrenbergi Wt., Cylindrocarpon obtusisporum
(Cke. & Hark.) Wr., Rbizoctonia endophytica Saks. &
Vaart., Chaetominm aurenm Chivers and Chaetominm
cochliodes Pall. Kymmenesti juurindytteesti tavattiin
kantasieni Marasmins graminum (Lib.) Fr., joka seki
motfologisilta ettd myds eriilti fysiologisilta ominai-
suuksiltaan muistuttaa * jossain midrin Kanadassa ja
U.S.A:ssa talvituhosienend tunnettua LTB-sienti.

Suurin osa eristetyistd sienistd oli varsin patogeenisia
puna-apilan siementaimille. Sienilajien ja my6s niiden
isolaattien patogeenisuus vaihteli erittdin paljon (taul.
4 ja 5). Patogeenisimmat lajit olivat Fusarinm graminearum
Schwabe, Pestalotia truncata Lév., Cylindrocarpon ehrenbergi
Wr., Pythium debaryanum Hesse ja Sclerotinia trifoliorum
Erikss. Hyvin patogeenisia olivat myds Fusariun avenacenm
(Fr.) Sacc., Fusarium acuminatum (Ell. & Ev.) Wr.
ja Marasmius graminum (Lib.) Fr. Kohtalaisen patogeenisia

olivat Fusarium arthrosporioides Shetb., Phoma medicaginis
v. pinodella (L. K. Jones) Boer and Rbizoctonia solani
Kiihn. Keskinkertaista heikompia patogeenisuudeltaan
olivat Cylindrocarpon obtusisporum (Cke. & Hark.) Wr.,
Cylindrocarpon radicicola Wt., Rhigoctonia crocorum (Pers.)
DC., Rbhigsctonia endophytica Saks. & Vaart., Fusarium
culmorum (W. G. Sm.) Sacc., Fusarium oxysporum Schl.
emend. Sn. & Hans., Fusarium oxysporum vat. redolens
(Wr.) Gotdon, Fusarium solani (Mart.) App. & Wr. emend.
Sn. & Hans., Fusarium poae (Pk.) Wrt., Fusarium
sambucinum Fuckel, Alternaria tenuis Neerg., Chaetoninum
cochliodes Pall. ja Chaetominm aureun Chiv.

Sienien todettiin tunkeutuvan nuoriin siementaimiin
padasiassa piaillysketon luonnollisista aukoista, kuten
alkeisvarren ilmaraoista, mutta myds juurien nuorimpien
solukkojen kautta (taul. 8, kuva 20). Monet kokeillut
sienilajit kykenivit vihitellen tunkeutumaan varttu-
neidenkin apiloiden vioittumattomiin juuriin, mutta
haavoitettuihin juuriin ne iskeytyivit paljon tehok-
kaammin. Useat juurilahoa aiheuttavat sienet todettiin
tyypillisiksi haavaloisiksi. Eriit heikot patogeenit tuskin
pystyivit itsenidisesti ajheuttamaan juurilahoa, mutta
jouduttivat kuitenkin muiden syiden alulle panemaa
lahoamista. Juurilaho on alkuvaiheessaan tyypillinen
johtojannetauti (kuvat 26 ja 27), muitta johtosolukon
tuhouduttua sienet tunkeutuvat ympirillikin oleviin
solukkoihin ja lahottavat ne.

Pidjuuressa olevien haavojen ohella my6s pidjuuren
haarojen katkeamat tai muut haavoittumat voivat olla
sienien infektioteini (kuva 24). Erittdin edullisia infektio-
teitd olivat ainakin Fusarium-sienille katkaistujen varsien
tyngit, joten saastunnalle on heti apilan niiton jilkeen
hyvin suuret mahdollisuudet (kuva 25).

Maamme ilmasto-oloissa on apilan talvivaurioilla ja
juurilaholla kiinted syy-yhteys. Nurmissa
apilalle juuristovioituksia talven aikana ennen kaikkea

aiheuttaa

rouste, joka katkoo juuria ja murtaa niihin haavoja.
Pintaveden ja jidpeitteen alla apila saattaa joinakin talvina
heikentyd ja tulla normaalia alttiimmaksi sienien hyok-
kiyksille, Kevadlli talvilevon paittyessi apilat ovat
ravintovarojen huvettua vihiin jo muutenkin heikenty-
neessi tilassa. Juurilaho ei kuitenkaan ole varsinainen tal-
vituho, silli lahoamista tapahtuu koko kasvukauden ajan.

Vaikka apilan juurissa tavataan hyonteistoukkien
(Apion virens Herbst ja Sitona -lajit) aiheuttamia vioituksia,
ei niilld liene meilli juurilahon tien avaajina yhtd suurta
merkitysti kuin erdissd muissa maissa.

Juurilaho on niittonurmissamme suurempi ja vai-
keampi tautiongelma kuin apilamiti, koska juurilahoa
esiintyy joka vuosi kaikkialla, kun taas apilamitid
tavataan vain paikka paikoin joinakin vuosina.

MS. received February 7, 1967
Printed 17 May, 1967
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. DEPARTMENTS, EXPERIMENT STATIONS AND BUREAUS OF THE
AGRICULTURAL RESEARCH CENTRE IN FINLAND

1. Administrative Bureau, Bureau for Local Experiments (HELSINKI) — 2. Departments of Soil
Science, Agricultural Chemistry and Physics, Plant Husbandry, Plant Pathology, Pest Investigation,
Animal Husbandry and Animal Breeding; Isotope Laboratory, Office for Plant Protectants, Pig
Husbandry Exp. Sta. (TIKKURILA) — 3. Dept. of Plant Breeding (JOKIOINEN) —4. Dept. of
Horticulture (PIIKKIO) — 5. Southwest Finland Agr. Exp. Sta. (HIETAMAKI) — 6. Satakunta
Apgr. Exp. Sta. (PEIPOHJA) — 7. Karelia Agr. Exp. Sta. (ANJALA) — 8, Hime Agr. Exp. Sta.
(PALKANE) —9. South Savo Agr. Exp. Sta. (Karila, MIKKELI) — 10. North Savo Agr. Exp. Sta.
(MAANINKA) — 11. Central Finland Agr. Exp. Sta. (KUUSA) — 12. South Ostrobothnia Agr.
Exp. Sta. (PELMA) — 13. Central Ostrobothnia Agr. Exp. Sta. (LAITALA) — 14. North Ostro-
bothnia Agr. Exp. Sta. (RUUKKI) — 15. Arctic Circle Agr. Exp. Sta. (ROVANIEMI) — 16. Pas-
ture Exp. Sta. (MOUHIJARVI) — 17. Frost Research Sta. (PELSONSUO)
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